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PREF AC. E. 


HAVING peruſed ſeveral books 
concerning the menſuration of ſuper- 
ficies and ſolids, and the works of Artifi- 
cers relating to building; but not finding 
any one book ſo perfect, as to give any to- 
lerable ſatis faction to alearner; and I hav- 
ing practiſed and taught meaſuring for ſe- 
veral years, and thereby gained experience 
and knowledge in that art, having learned 
ſome things from one author, and ſome 
things from another, I began to think of 
digeſting my thoughts into ſome ſuch me- 
thod as might give a learner full ſatisfa cti- 
on, without being at the charge of buying 
ſo many books; and being importuned 
thereunto by ſome friends, 1 fell to work, 
and at laſt brought them to that perfection 
you here find in the following Wok. 


1. As to the Decimar, ARITHMETIC, 
I have been as brief as the matter would 
well bear to make it plain, | * 


2. As to the multiplying of ſeet and 
inches, commonly called CRoss Mv LT1- 
PLICATION, my method differs from that 

£ A 3 which 
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which is uſually taught in other authors, as 
being (1 think) much fhorter and Plainer. 


3. In meaſuring of ſuperficies and ſo- 
lids, I have given the demonſtration of the 
rules, which I thought might be very ac- 
ceptable to the ingenious ; for indeed, I 
always look upon the writing of a rule with 
out a demonſtration, (in any part of the 
mathematicks) to be but lame and defec- 
tive; and for want of knowing the reaſon 
of the rule, a learner may commit great er- 


' rors : beſides, when a learner knows the 


reaſon of the rules, he may retain them 
better inhis memory. 'The rule for meaſu- 
ring a priſmoid — cylindroid, I had out 
of Mr. Everard's Art of Gaging ; but the 
reaſon he-does not ſhew, neither have I 
found it in any other author; but that the 
method 1s true, I have endeavoured to 
make plain. 


The demonſtrations ofthe rules for find- 
ing the area of an ellipſis and parabola ; 
allo the demonſtration of the rules for find- 
ing the ſolid content of the fruſtum of a 


cone and pyramid, the ſolidity of a globe, 


of a ſpheroid, a parabolic conoid, and of 


a parabolic ſpindle, and their fruſtums, I 


had from the ingenious Mr. Ward's Toung 
Mathematician's Guide; where the curious 
and ingenious reader may ſee many other 
demon- 
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demonſtrations algebraically performed: 
I have alſo demonſtrated the rule for find- 


ing the ſolidity of a globe, out of Pardie's | s 
Elements of Geometry, (Book Vth. Art. the 


33d.) publiſhed in Engliſh, with many ad 

ditions, by the Rev. Dr. Harris, F. R. 8. 
and the ſame is alſo done out of Sturmius's 
Matheſis Ennucleata ; ſo that the ingeni- 


ous reader may uſe which of thoſe ways 
he likes beſt. 


The Scale ſuppoſed to be uſed in all the 
operations is the line of numbers, com- 
monly called Gunter Line, which is upon 
the ordinary two feet or eighteen inch 
rules, commonly uſed by the carpenters, 
maſons, Ic. becauſe I thought it needleſs, 
as well as impertinent, to write the uſe of 
ſliding- rules, or any other particular ſcales 
they being ſufficiently treated of by ſeveral 
authors, viz. by the above-named Mr. 
Everard in his Art of Gaging, above-men- 
tioned, where you have the uſe of a ſliding- 
rule in arithmetic, geometry, in meaſur- 
ing of ſuperficies and ſolids, gaging, V. 
Likewiſe Mr. Hunt has wrote largely of the 
uſe of his ſliding rule, in arithmetic, geo- 
metry, trigonometry, gaging, dialling, &c. 
There are ſeveral others who have explain-- 
ed the uſe of their own rules ; ſo that the 
more curious readers may find full ſatiſ- 
faction in thoſe authors. : 

One 
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One thing I have omitted in the book, 
which l think may not be very improperly 
inſerted in this place; that is, how to find 
a number upon the line. If the number 
you will- find conſiſts only of units, then 
the figures upon the line repreſent the 
number ſought: Thus, if the number be 
I, 2, 3, Sc. then 1, 2, 3, c. upon the 
line, repreſent the number ſought; but 
if the number conſiſts of two figures, 
that is, of units and tens, then the figure 
upon the rule ſtands for tens, and the 
larger diviſions ſtand for units: thus, if 

were to be found upon the line, the 
ure 3 upon the line is 30, and 4 of the 
large diviſions (counted forward) is the 
point repreſenting 34; and if 340 were 
to be found, it will be at the ſame point 
upon the line; and if 304 were to be 
found, then the 3 upon the line is 300, 
and 4 of the ſmaller diviſions (counted 
forward) is the point repreſenting 304 : 
If the number conſiſts of four places, or 
thouſands, then the figure upon the line 
ſtands for thouſands, and the larger divi- 
ſions are hundreds, the lefler diviſions are 
tens, and the tenth parts of thoſe leſſer 
diviſions are units; thus, if 2735 were 
to be found, then the 2 is zoce, and the 
7 larger divikons (counted forward) is 
700 more, and 3 of the lefler diviſions 
is 30 more, and half of one of the leſſer 
diviſions: 
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divifions 18 5 more, which 1s the point 
repreſenting 2735. You muſt remember, 
that between each figure upon the line 
there are ten parts, which I call the 
larger diviſions, and each of thoſe larger 
diviſions are ſubdivided (or ſuppoſed ſo 
to be) into ten other parts, which I call 
the ſmaller diviſions, and each of thoſe 
parts ſuppoſed to be ſubdivided again into 
ten other parts, &c. You mult alfo re- 
member, that if 1, in the middle of the 
line, ſtands only for 1, then 1 at the upper 
end will be 10, and one at the lower end 
will only be s; but if 1 at the lower 
end ſignifies 1, then 1 in the middle ſtands 
for 10, and 1 at the upper end is 100, Sc. 


There is one thing more which I would 
have my reader to underſtand, and that 
is, how to find all ſuch proportional 
numbers made uſe of in the proportions 
about a circle, and of a cylinder, and in 
other places; which thing may be of 
good ule, to know how to corre& a 
number which may happen to be talſe 
printed, or to enlarge any number to 
more decimal places, for more exactneſs; 
for though I have mentioned what ſuch 
numbers are, yet I have not ſhewn how 
to find them, which a learner may be a 
little at a nonplus to do, though they are 
eaſily found by the rules there laid 5 

a 
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I ſhall therefore give two or three exam- 
ples, 1n this place, of finding ſuch num- 
bers, which may enable my reader to find 
out the reſt, : 


And, firſt, let it be required to find the 
area of a circle, whoſe diameter is an unit. 


By the proportion of Van Culen, if the 
diameter be 1, the circumference will be 
3-1415926, Tc. whereof 3.1416 is ſuffici- 
ent in moſt caſes. Then the rule teaches 
to multiply half the circumference by 
half the diameter, and the product is the 
area, that is, multiply 1.570 by. 5, (viz. 
half 3.1416 by half i) and the product 
78 54. which is the area of the circle, 
whole diameter, is 1. 


Again, if the area be required, when 
the circumference is 1; firſt, find what 
the diameter will be, thus, as 3.1416: to 
I: : ſo is 1: to0.318309, which is the 
diameter when the circumference is 1. 
Then multiply half .318309 by half 1, 
that is, .159154 by 5, and the product is 
.079577, which is the area of a circle 
whole circumference is 1. 


If the area be. given to find the fide of 
the ſquare equal, you need but extract the 
ſquare root of the area given, and it 18 

done: 
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done: ſo the ſquare root of . 7854 is 
8862, which is the ſide of a ſquare equal 
when the diameter is 1. And if yon 
extract the ſquare root of . 79577, it 
will be. 2821, which is the fide of the 
ſquare equal to the circle whoſe circum- 
ference is 1. 


If the fide of a ſquare within a circle be 
required, if you ſquare the 3 
and double that ſquare, and out of that 
ſum extract the ſquare root, that ſhall be 
the ſide of the ſquare which may be infcri- 
bed in that circle: fo, if the diameter of 
the circle be 1, then the half is. 5; which 
ſquared is .25, and this doubled is . 5, 
whoſe ſquare root is .7071, the fide of the 
{quare inſcribed. 


Again, if the diameter of a globe be x, 
to find the ſolidity. In Sect. XI. Chap. II. 
it is demonſtrated, that the globe is 3 of a 
cylinder of theſame diameter and altitude: 
thus, if the cylinder's diameter be 1, and 
its altitude or length be alſo 1, find the 
ſolidity thereof, and take 2 of it, and that 
will be the ſolidity of the globe required. 
Now, if the diameter be 1, the area of the 
circle or baſe of the cylinder, is. 78 54 (as 
is above ſhewn) which multiplied by 1, 
the altitude of the cylinder, and the pro- 
duct is alſo..7854, the ſolidity.of the 

IS cylinder, 
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cylinder, 3 whereof is .5236, which 
is the ſolidity of the globe whoſe dia- 
meter is I. 


From what has been ſaid, the reader- 
may eaſily perceive how all other propor- 
tional numbers are found, and may exa- 
mine them at his pleaſure. 


I ſhall not enlarge any farther upon the 
matter, but leave the book to ſpeak for it- 
ſelf; and if it prove beneficial to the inge- 
nious practitioners, I have my deſire. So, 
wiſhing my ingenious reader good ſucceſs 
in his endeavours, not doubting but he 
will reap profit hereby ; which that he 
may, is the hearty defire of his well- 
wither, 


W. HAWNEY. 
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CHAP. I. 
Notation of DECIMAL, 


\ Decimal fraction is an artificial way of ſetting 

down and expreſſing natural or vulgar frac- 
tions, as whole numbers: And whereas the denomi- 
nators of vulgar fractions are diverſe, the denomina- 
tors of decimal fractions are always certain; for a de- 
cimal fraction hath always for its denominator an 
unit, with a cipher or ciphers annexed to it, and 
mult therefore be either 10, 100, 1000, 10000, Ce. 
And therefore in writing down a decimal fraction 
there is no neceſſity of writing down the denomina- 
tor; for by bare inſpection it is certainly known ; 
it conſiſting of an unit, with as many ciphers annex - 
ed to it as there are places (or figures) in the nume- 
rator. ; 

Example. This decimal fraction i may be-writ- 
ten thus,.25, its denominator being known to be an 
unit with two ciphers ; becauſe there are two figures 
in the numerator. In like manner, 4435 may be thus 
written, .125, 4 thus, . 05; and dds thus, 
3575, and rogsd us, 1 


As 


2 Notation of Decimals. Part J. 


As whole numbers increaſe in a decuple, or tenfold 
Proportion, towards the left hand, ſo, on thecontrary, 
decimals decreaſe towards the right hand, ina decuple 
Proportion, as in the following ſcheme. 


: 1 

33 DIES 
E = S8 8 
= 58 2223 
2 hg 332 8 
3283837 8 3 85 
8 5 8 88 S SEA 5 
2 223222888 3.8 
SScs eas 
ESD HEN SEH EER 
71654321. 123436 


Hence it appears, that ciphers put on the right 
Hand of whole numbers, do encreaſe the value of 
thoſe numbers in a decuple (or tenfold) proportion: 
but being annexed to the right hand of a decimal 
fraction, do neither increaſe nor decreaſe the value, 
thereof: So 888 is equivalent gg or .25. And 


on the contrary, tho* in whole numbers, ciphers 


prefixed before them, do neither increaſe nor diminiſh 
the value; yet ciphers before a decimal fraction, 
do diminiſh its value in a decuple proportion : For 
425 if you prefix a cipher before it, becomes +235, 
or .025 ; and :125 is y$8335 by prefixing two ci- 
phers before it, thus, .cozg. And therefore, when 
you are to write a decimal fraction, whoſe denomi- 
nator hath more ciphers than there are figures in 
the numerator, they mutt be ſupplied by prefixing 
ſo many ciphers before the figures of your numera- 
tor; as ſuppoſe +553 were to be written down with; 
out its denominator; here, becauſe there are three 
ciphers in the denominator, and but two figures in the 
numerator, therefore prefix a cipher before 19, and 
let it down thus, ,019. rf 1 
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The integers are ſeparated from the decimals feve- 
ral ways according to mens fancies; but the beſt and 
moſt uſual way is by a point or period; and if there 
de no whole number, then a point before the fraction 
is ſufficient. Thus, if you were to write down 
317 s it may be thes expreſſed, 317.217 ; 
and 59 rens thus, 59-0025 ; and googyy thus, 
-.0075, Ofc. | | 125 
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Reduction of Decimals. 


N Reduction of Decimal: there are three caſes x 
iſt, To reduce a vulgar fraction to a decimal. 
2dly, To find the value of a decimal in the known. 
parts of coin, weights, meaſures, c. zdly, To re- 
duce coin, weights, meaſures, c. to a decimal. Of 
theſe in their order. 


1. To reduce a Vulgar Fraftion to a Decimal. 


The RULE. 


As the denominator of the given fraction is to its 
numerator, ſo is an unit (with a competent number of. 
ciphers annexed) to the decimal required. | 

Therefore, if to the numerator given, you annex 
a co petent number of ciphers, and divide the reſult 
by the denominator, the quotient is the decimal equi- 
valeut to the vulgar fraction given. 

Example. 1. Let + be given, to be reduced to a de 
cimal of two places, or having 100 for its denomina · 


tor. 
B 2 T 
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To 3 (the numerator given) annex two ciphers, 
and it makes 300; which divide by the denominator, 
4 and the quotjent is .75, the decimal required, and 
is equivalent to 3 given. 


NOTE, That ſo many ciphers as you annex to 
the given numerator, ſo many places muſt be prick- 
ed off in the decimal found ; and if it ſhall happen 
that there are not ſo many places of figures in the 
quotient, the deficiency muſt be ſupplied, by prefix- 
ing ſs many ciphers before the quotient figures, as in 
the next Example. 


Example 2. Let i be reduced to a decimal hav- 
ing fix places. 

To the numerator annex fix ciphers, and divide 
by the denominator, and the quotient is. 5235; but 
it was required to have fix places, therefore you muſt 
prefix two ciphers before it, and then it will be 
005235, which is the decimal required, and is equi» 
valent to 7 


gee the work of theſe two Examples. 


4) 3-00(-75 573) 3-000000(5235 
2 00 00 
20 1350 
20 2040 
3210 
345 


In the ſecond Example there remain 345, which 
remainder is very inſignificant, it being leſs than 
' T50&555 part of an unit, and therefore is rej*ted. 


II. To 
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II. To find the value of a Decimal in the known farts 
1585 of Money, Weight, Meaſures, & c. 


The RULE. 
Multiply the given decimal by the number of parts: 


in the next inferior denomination, and from the pro- 
duct prick off ſo many places to the right hand; 
as there were places in the decimal given ; aud mul- 
tiply thoſe figures pricked off by the number of parts- 
in the next inferior denomination, and prick off ſo- 
many places as before, and ſo continue to do, till you 
have brought it to the loweſt denomination requir-- 
ed. 


Example 1. Let. 75686 of a pound ſterling be given 
to be reduced to ſhillings, pence and farthings. 

Multiply by 20, by 12 and 4, as the rule directs, 
and always prick off four places to the right hand, and 
you will find it will make 157. 1d. 29. 


See the work. 


A more compendious eye fading the Value of the deci-. 
mal of a Pound Sterling. 


Double the firſt figure, (or place of primes) and it 
makes ſo many ſhillings; and if the next figure (or 
place of ſeconds) be 5, or more than 5, Er the 5 
add another ſhilling * former ſhillings ; * 

2 3 or 


— p ů — —ð Ü 


them ſo many 
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for every unit in the ſecond place count ten, and to 
that add the figure in the third place, and rechon 
Rirthinige, but if they make above 13, 
abate 1, and if it be above 38, abate 2, and add the 
remaining farthings to the ſhillings before found. 


Example 1. Let .695 of a pound be reduced to ſhil- 
lings, pence, and farthings. | 


Firft double your 6, and it makes 12s. then take 
5 out of 9 and for that reckon another ſhilling, and 
it makes 13s. and the four remaining is 4 tens, and 
the 5 makes 45, which being above 38, you muſt 
therefore caſt away 2, andthe reſt 43 farthings, which 
is 10d, 4. So the anſwer is 137. 10d. . ö 
fo „ 
So the value of 725=14 6 
And the value of 878217 64 
And the value of 4172 8 4 


And ſo of any other. 


Let. 597 5 5 of a pound troy be reduced to ounces, 
penny-weights and grains. 

Multiply by 12, by 20 and by 24, and always prick 
off five places towards the right hand, and you wall 


find the anſwer to be 7 3 peut. 10 gr. fert. 
| Sce the Work. 


9755 
12 


7. 17060 
| 20 0%, p. gr. 
Fact 7 3 9.888 
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Let 42569 of a tun, be reduced to hundreds, 
quarters and paunds. 

Multiply by 20, by 4, and by 28, and the wives 
will be 8C. 2grs. 1416. fere. 


43569 
20 


8.71380 SE. g. . 

4 Fact 8 2 23 .9456 
2.85 520 

28 


; 23-94560 
Let .9595 of a foot be reduced into 3 


quarters. 


9595 
12 
11.5140 Facit 11 inches, 2 quarters 
4 
2.0560 
III. To reduce the known parts of money, weight, mea- 
ſure, &c. ta a Decimal. : ** 
The RULE. 


To the number of parts of the leſſer denomination 
given, annex a competent number of ciphers, and di- 
vide by the number of ſuch parts that are contained 
in the greater denomination, to which the decimal 
is to be brought; and the quotient is the decimal 
ſought. 


Example 1. Let 6d. be reduced to the decimal of 
a "Rn 9 
>: 


Reduction of Decimals. Part J. 


To 6 annex a competent number of - ciphers 
(ſuppoſe 3) and divide the reſult by 240 (the pence 
in. a pound) and the quotient is the decimal requi- 
red. EE 5 _ 


240).6000(.25 


1200 


Facit o. 25. i 


Gs „ S 


Example 2. Let 3d. 4 be redueed to the decimal of 
a pound having fix places. 


In 3d. + there are 15 farthings ; therefore to 15 
annex fix ciphers (becauſe there are to be ſix pla- 
ces in the decimal required) and. divide by 960 
(the farthings jn a pound) and the quotient is 
015625. 


9600) 15. ooo. 015625. 


340 

600 
240 3 
480 1: 


Example 3. Let 4345 inches be reduced to the de- 
eimal of a foot, conſiſting of four places. 


In 35 inches there are 13 quarters: therefore to 13 
annex four ciphers, and divide by 48, (the quarters in 
a foot) and the quotient is. 2708. | | 


48)! 3. ooo. 508 
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E xample 4. Let 90. 197. 160k. be reduced to the 


decimal of a tun, having fix places. 
C. gr. lb. « 
9 1 16 224[0)1052.00000|0( 469642 
4 | | 11 25222 
37 gre. 15600 
28 21600 
— 14400 
302 Fat . 469642. 9600 
75 6400 | 
1052 pounds, 1920 
1 _ — — 
C HAP. III. | 


Addition of DE c1MALSs. 


DDITION of Decimals is performed the ſame 
- way as addition of whole numbers, only you 
muſt obſerve to place your numbers right, that is, 


units under units, primes under primes, ſeconds un- 
der ſeconds, c. 


| Example. Let 315.25, 17.125, 275.5, 47.3579. 
and 12.75 be added together into one ſum. 


31 7.25 * 
17.125 
275-5 
47-3579 
12.75 


Sum 669. 9829 


This is ſo plain, that more Examples I think 
needleſs. 


CHAP. 


10 Sub traction of Decimals. Part I. 
; CH AP. IV. F 
| Subtradtion of DECIWALS, 
UBTRACTION of Decimals is performed like- 
wiſe the fame way as in whole numbers, reſpe& 


being had to the right placing the numbers (as in Ad- 
dition) as in the following examples. 


6 ) (2) 
From 212.0137 From 201.1250 
Subtr. 31.1275 Subtr. 5.5785 
| Reſts 180.8862 Reſts 195.5465 
Proof 212.0137 Proof 201.4250 | 
Ca'F. (4) 
From 2051.315 From 30.5 
Subtr. 79.172 Subtr. 7.2597 \ 
Reſts 1979-148 Reſts 23.2403 f 
Proof 2051.3 17 Proof 30.5 5 ; 


— 


— 


NOTE, If the number of in the decimals 
be more in that which 1s to be ſubtracted, than i in 
that which you ſubtract from, you muſt ſuppoſe ei- 
phers to make up the number of places; as in the 
fourth Example. 
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Cl: AT. v. ; 


M ultiplication of DzECIMALS. 


M ULTIPLICATIONof Decimals is alſo per- 

formed the ſame way as Multiplication of 
whole numbers ; but to know the value of the pro- 
duct, obſerve this 1 


RULE. 


Cut off or ſeparate by a comma, or point, ſo 
% many decimal places in the product, as there are 
places of decimals in both factors, via. in the 
% multiplicand and multiplier which I ſhall farther 
« explain in the following 


Examples, 


Let 3.125 be multiplied by 2.75; multiply the 
numbers together, as if they were whole numbers, 
and the product is 8.59375: And becauſe there 
were three places of decimals pricked off in the mul- 
tiplicand, and two places in the multiplier, there- 
fore you muſt prick off five places of deeimals in 
the product, as you may ſee by the work. 


3-125 
8 
15625 
21875 
6250 


9.59375 


Let 
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Let 79.25 be multiplied by. 459. 


In this Example, becauſe two places of decimals 
are pricked off in the multiplicand, and three in the 
multiplier, therefore there muſt be five pricked off in 
the product. 


79-25 
459 
71325 
39625 
31700 


3637575 
Let .135272 be multiplied by .00425. 


In this Example, becauſe in the multiplicand are 
fix decimal places, and in the multiplier five places, 
therefore in the product there mult be eleven pla- 
ces of decimals; but when the multiplication is fi- 
niſhed, the product is but 57490000, vix. only eight 
places; therefore, in this caſe, you * 
three ciphers before the product figures to up 
the number of eleven places ; ſo the true produ 


will be .00057490600. 


* «135272 
0425 


676360 


270544 
twice 


00057490600 
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More Examples for practice. 
«001472 017532 
W 347 
7360 122724 
5888 © 70128 
44 52596 
000T 538240 6.083604 
279-25 32.0752 
"462 3 
139625 1603760 
111700 641504 
11 1700 962256 
124.2662 5 1. 04244400 
4443 20.0292 
LE? 15.98 35-45, 
35544 1001455 
39987 801164 
2 600873 
* 70.031595 
7.3564 75432 
812 356 
441384 452592 
147128 377160 
' 073564 226296 
— — — * 
926904 026853592 
n- 


* 
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Contrafted Multiplication of Decimals, 


Becauſe in Multiplication of decimal parts and 
mixed numbers, there is no need to expreſs all the 
figures of the product, but in moſt caſes, two, three 
or four places of decimals will be ſufficient ; there- 
fore, to contract the work, obſerve this following 


R UL E. 


Write the Units place of the multiplier under that 
place of the multiplicand, whoſe place you intend to 
keep in the product; then invert the order of all 
the other figures, that is, write them all the con- 
trary way; then, in multiplying, always begin at that 
figure in the multiplicand which ſtands over the 
figure you are then muſtiplying withal, and ſet down 
the firſt figure of each particular product directly 
one under the other ; but yet a due regard mult 
be had to the increaſe arifing ſrom the figures on the 
right hand of that figure in the multiphcand which 
you begin to multiply at. This will appear more 
plain by Examples. 


Example 1. Let 2.38645 be multiplied by 8.2175, 
and let there be only four places retained in the de- 
cimals of the product. T 


Firſt, according to the directions, write down the 
multiplicand, and under it write the multiplier, 
thus; place the 8 (being the units place of the mul- 
tiplier) under. 4, the fourth place of decimals in the 
multiplicand, and write the reſt of the figures quite 
contrary to the uſual way, as in the following work. 
Then begin to multiply, firſt the five which is left 
out, Ny. with regard to the increaſe which muſt be 
carried from it) ſaying, 8 times 5 is 40, carry 4 in 

our mind, and ſay 8 times 4 is 32, and 4 1 carry, 
is 36 ; ſetdown'6 and carry 3; and proceed thro? 


the reſt of the figures as in common makiplicat ion: 


Then begin to multiply with 2, ſaying, 2 times 4 
is 8, for which I carry 1, (becauſe it is above 5) 
and ſay 2 times 6 is 12, and one that I carry is 13, 

ſet 
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ſet down 3 andearry 1, and proceed thro' the reſt 
of the figures : Then multiply with 1, and ſay once 
6 is 6, for which carry one, and ſay once 8 is 8, and 
1189; ſet down g, and proceed: Then multiply 
with 7, ſaying 7 times 8 is $6 for which carry 6, 
(becauſe it is above 55) and ſay 7 times 3 is 21, and 
6 that I carry is 27 ; ſet down 7 and carry 2, and 
proceed : Then multiply with 5, ſaying 5 times 3 is 
15, for which carry 2, and ſay 5 times 2 is 10, and 2 
I carry is 12, which ſet down and add all the pro- 
ducts together, and the total product will be 19.6107, 
See the work, 

2.38645 

5712.8 


190916 
4773 


239 
167 


I2 


* 


19.6107 : 

NOTE, That in multiplying the figure left out 
every time next the right hand in the multiplicand, if 
the product be 5, or upwards to 10, you carry 1; and 
if it be 15, or upwards to 20, carry 2, and if 25, or 
upwards to 30, carry 3, Oc. | , 

T have here ſet down the work of the laſt Example, 
wrought by the common way, by which you may ſee 
both the reaſon and excellency of this way, all the fi- 
gureson the right handof the line being wholly omitted. 


2.38645 
8.2175 


1193225 
1670515 


2380645 
477210 
19091 


— 


19.6106;52875 
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Example 2. Let 375-13758 be multiplied by 
16.7324, ſo that the product may have but four pla- 
ces of decimals. | 

Firſt ſet 6, the unit's place of the multiplier, under 
5, being the fourth place of decimals in the inultipli- 
cand, (becauſe four places of Decimals were to be 
pricked off) and write all the reſt of the figures back- 
ward; then multiply all the figures of the multiplicand 
by 1, after the common way; then begin with the ſe- 
cond figure of the multiplier, 6, ſaying 6 times 8is 48, 
for which I carry 5; (in reſpect of the 8 left out) and 
G times 5 is 30, and 5 that I carry is 35 ; ſet down 5 
and carry 3, and proceed after the common method: 
Then begin with 7, the third figure of the multiplier, 
and ſay 7 times 5 is 35, for which carry 4, and ſay 7 
times 7 is 49 and 4 I carry is 53 ; ſet down three un- 
der the firſt, and carry 5, and proceed as before; Then 
begin with 3, the fourth figure of the multiplier, and 
ſay 3 times 7 is 21, carry 2, and ſay 3 times 3 is g, and 
2 I carry is 11, ſet down 1 and carry 1, and proceed 
as before: Then begin with 2, the fifth figure, and 
ſay 2 times 3 18 6, for which I carry 1, and ſay 2 times 
1 is 2, and 1 I carry is 3, ſet down 3, and ſay 2 times 
5 is 10, ſet down © and carry 1, and proceed as be- 
fore: Then begin with 4, the laſt figure of the multi- 
plier, and ſay 4 times 1 is 4, for which I carry no- 
thing, becauſe it is leſs than 5 ; then ſay 4 times 5 is 
20 ; ſet down © and carry 2, and proceed thro” the 
reſt of the figures of the muſtiplicand : Then add all 
up together, and the product is 6276 9520. 


See the Work. 


375. 13758 the multiplicand. 
4237.61 the multiplier reverſed. 


3751.3758 the product with 1. 
22508255 the product with 6 increaſed with 6 X 8. 
262 5963 the product with 7 increaſed with 7 x 5. 
112541 the product with 3 increaſed with 3 x 7. 
7503 the product with 2 increaſed with 2 x 3. 
1500 the product with 4 increaſed with o. 


6276.9520 the product required. Let 
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Let the ſame Example be repeated, and let only 
one place in decimals be pricked off. 


375.13758 the multiplicand. | 
4237-61 the multiplier inverted. 


37514 the product hy 1 withthe increaſe of 1 x 7 
22508 the product with 6 increafed with 6x 3. 
2626 the product with 7 increaſed with 7 x 1. 
113 the produd with 3 increaſed with 3X 5. 
7 the product with 2 increaſed with 2 X 7. 

1 the increaſe only of 4x 3. 


6276.9 the product is the ſame as before. 


6— dr. ud 


More Examples for practice. 


Multiply 395-3756 by .75642, and prick off four 
places in decimals. 


395-3756 the multiplicand. - - 
24657. the multiplier reverſed. 


2767629 the product by 7 increaſed with 7 X 6. 
197688 the product by 5 increaſed with 5X 5. 
23722 the product by 6 increaſed with 6x 7. 
1581 the product by 4 increaſed with 4 X 3. 

79 the product by 2 increaſed with 2 x 5. 


C 3 Let 
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Let the ſame Example be repeated, and let there 
be only one place of decimals. 


395-3756 
24657. 
2767 the product by 7 increaſed with 7 x 3. 
198 the product by 5 increaſed with 5 X 5. 
24 the product by6 increaſed with 6 x 9+ 6 X 3 


2 the increaſe of 4X 9 +4 X 3- 


299.1 the product. 


Characters and their Signification. 


Note, That this mark + ſignifies Addition: 8+ 5, 
tl.at is 8 more 5, or 8 added to 5; and 8+ 3+7, 
denotes theſe numbers are to be added into one 
ſum. ' : 


This mark—ſfignifies ſubtraction; as g—4 ſignifies 


that 4 is to be taken from g. 


This mark X ſigniſies multiplication; as 7 X 5, 
ſignifies that 7 is to be multiplied into 5. 

This + ſignifies diviſion ; as 12 + 4 ſignifies that 
12 is to be divided by 4. 

This mark = ſignifies equality, or equation, that 
is, when = 1s placed between numbers or quantities 
it denotes them to be equal; as 7 +5 = 82, that is, 
7 more 5 is equal to 12; and 15—7 = 8, that is, 
15 leſs by 7, is equal to 8, or ſubtract 7 from 15 and 
there remains 8. | | | 

This mark : : is the fign of proportion, or the 
Golden Rule, it being always placed between the 
two middle terms or numbers 1a proportion, thus, 
4: 20 5: : 6 : zo; to be thus read, as 4 is to 20, 
ſo is 6 to 30. 


CHAP. 
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| CHAP,.NL 
Diviſon of Diciuals. 
IVISION of decimals is performed at the 


ſame manner as diviſion of whole numbers; but 
to know the value of the denomination of the quo- 
tient is the only difficulty; for the reſolving of which 
obſerve either of the following | 


RULES. 


I. The firſt figure in the quotient muſt be of the 
ſame denomination with that figure in the dividend 
which ſtands (or is to be ſuppoſed to ſtand) over the 
unit's place in the diviſor, at the firſt ſeeking. 


IT. When the work of diviſion is ended, count 
how many places of decimal parts there are in the 
dividend more than in the diviſor, for that exceſs is 
the number of places which muſt be ſeparated in the 
quotient for decimals : But if there be not ſo many 
figures in the quotient, as is the ſaid exceſs, that 
deficiency muſt be ſupplied with ciphers in the 
quotient, prefixed defore the ſignificant figures 
thereof, towards the left hand, with a point before 
them; fo ſhall you plainly diſcover the value of the 
quotient. 


Theſe following directions ought alſo to be carefully ob- 


ſer ved. 


If the diviſor conſiſts of more places than the di- 
vidend, there muſt be a competent number of ci- 
phers annexed to the dividend, to make it conſiſt of 
as many (at leaſt) or more places of decimals than 
the diviſor ; for the ciphers added muſt be reckoned 
as decimals. 

' Confider whether there be as many decimal parts 
in the dividend as there are in the diviſor ; if there be. 


not, make them ſo many or more, by annexing of ci- 
phers, 
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In dividing of whole or mixed numbers, if there 
be-a remainder, you may bring down more ciphers, 
and by continuing your diviſion, carry the quotient 
to as many places of decimals as you pleaſe. 

Theſe things being conſidered, I ſhall proceed to 
the practice of diviſion of decimals, which I ſhall en- 
deavour to explain in as familiar and caſy a method 
as poſſible. 

Example 1. Let 48 be divided by 144. 

In this example the diviſor 144 is greater than the 
dividend 48 ; therefore, according to the directions, 
above, 1 annex a competent number of ciphers, (viz. 
four) with a point between them, and divide accord- 
ing to the uſual way, 


144) 48.0000 (.3333 


But firſt in ſeeking how often 144. in 480, (the 
firſt three; figures of the dividend) I find the unit's 
place of the diviſor to fall under the firſt place of de- 
eimals; therefore the firſt figure in the quotient is 
in the firſt place of decimals : Or by the ſecond rule, 
there being four places of decimals in the dividend, 
and none in the diviſor, ſo the exceſs of decimal pla- 
ces in the dividend, above that in the diviſor, is four 
fo that when the diviſion is ended, there mult be four 
places of decimals in the quotient. 


See the Work. 


Example 2. Let 21 7-75 be divided by 65. 

Firſt, in feeking how often 65 in 217, (che firſt 
three figures of the dividend) I Fd the unit's place 
of the diviſor to fall under the unit's place of the 
dividend ; therefore the ſirſt ſigme in the quotient 
will be units, ud all the reſt decimals. Or, by the 
ſecond rule, there being two places of ACE, in 
the divide nd, and no decunals 1 in the divifor, bY e- 

ore 
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fore the exceſs of decimal places in the dividend, 
above the diviſor is two; ſo when the diviſion is end- 


ed, ſeparate two places in the quotient towards the 
right hand by a point. 


See the Work. 
65) 217.75 (3-35 


227 
325 


2 + 


Example 3. Let 267.15975 be divided by 13.25. 
13-25)267.15975(20.163 


21759 
8347 
3975 


In this Example 3, the unit's place of the diviſor, 
falls under 6, the ten's place of the dividend; there- 
fore (by the firſt rule) the firſt figure in the quoti- 
ent is tens: Or by the ſecond rule, the exceſs of de- 
cimal places in the dividend, above the diviſor, is 
three ; there being five places of decimals in the 
dividend, and but two in the diviſor, ſo there muſt 
be three places of decimals in the quotient. 


Example 4. Let 15.675 159 be divided by 375.89. 
375-89) 15.675159 (0417 


63955 
263669 


546 In 
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In this Example 5, the unit's place of the divi- 
for falls under 7, the ſecond place of decimals in 
the dividend; therefore (by the firit rule) the ſirſt 
figure in the quotient is in the ſecond place of de- 
cimals, ſo that you muſt put a cipher before the 
firſt figure in the quotient, and by the ſecond rule, 
the exceſs of decimal places in the dividend, above 
the number of decimal places in the diviſor, is 4 ; 
for the decimal places in the dividend is 6, and the 
number of places in the divifor but two ; therefore 
there muſt be four places of decimals in the quotient, 
But the diviſion being finiſhed after the common 
way, the figures in the quotient are but three, there» 
fore you muſt prefix a cipher before the ſignificant 
figures. | : 


Example 5. Let 72.1564 be divided by. 1347. 
-1347)72-1564(535-68 


480 
7054 


9190 
11080 


304 


In this Example, the diviſor being a decimal, the 
firſt figure thereof falls under the ten's place in the 
dividend; therefore the units (if there had been 
any) ſhould fall under the hundred's place in the di- 
vidend, and fo the firſt figure in the quotient is hun- 
dreds: And by the ſecond rule, there being four 
places of decimals in the dividend, and as many in the 
diviſor, ſo the exceſs is nothing ; but in dividing I 


put two ciphers to the remainders, and continue the 
diviſion to two places farther ; ſo I have two places 
of decimals. | 


* 


Example 


See the Work. 
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Example 6. Let. 125 be divided by. 457. 
457). .1250000(2.735 


S © DD + 


914 


3360 
3199 


1610 
1371 
2390 
2285 


& | 


In this Example, the unit's place of the diviſor 
(if there had been any) would fall under the unit's 
place of the dividend ; therefore the firit figure of 
the quotient is units: Aud by the ſecond rule, 
there being ſeven places of decimals in the dividend, 
and but four places in the diviſor, ſo the exceſs is 
three ; therefore there mult be three places of deci- 
mals in the quotient. 

1 ſhall ſet down only the work of ſome few Exam- 
ples more, and ſo proceed to Contradted Diviſon. 


.00456).0000059797 (.00131 


— 
1419 
511 


8 
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Let 1 be divided by 282, Cc. 
282) 1.0000000 (.0035461 fere. 


—_— 


1540 
1300 
1720 
280 


325) .4co000 (1.2307 


— 


_— 


—— — 


750 
1000 


2500 


— 


225 
04 793.0 (11785.71 


Part I, 
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Diviſion of Dzecmars contracted. 


N Diviſion of decimals the common way, when 
the diviſor hath many ſigures, and it is required 
to continue the diviſion till the value of the remain- 
der be but ſmall, the operation will ſometimes be large 
and tedious, but may be excellently contracted by the 
following method. 


The R UL E. 


By the firſt rule of this Chapter, (pag. 19.) find 
what is the value of the firſt ſigure in the quotient; 
then, by knowing the firſt figure's deromination, 
| you may have as many or as few places of decimals 
as you pleaſe, by taking as many of the left hand 
figures of the diviſor as you think convenient for 
the firſt diviſor ; and then take as many figures of 
the dividend as will anſwer them; and in dividing, 
omit one figure of the diviſor at each following ope- 
ration. 


A few Examples will make it plain. 
Example 1. Let 721.17 562 be divided by 2.25743 


ang let there be three places of decimals in the quo- 


TINS Ween. 
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4 
2.25743) 721.172 (319.467 
677229 
43946 
22574 


21372 
20317 
1055 
903 
152 
135 

17 

15 

2 


In this Example, the unit's place of the diviſor 
falls under the hundred's place in the dividend ; and 
it is required that three places of decimals be in the 
quotient ; ſo there muſt be ſix places in all, that is, 
three places of whole numbers, and three places of 
decimals: Then, becauſe I can have the diviſor in 
the firſt ſix figures of the dividend, I cut off the 62 
with a daſh of the pen, as uſeleſs ; then I ſeek how 
oft the diviſor in the dividend, and the anſwer is 
three times; put three in the quotient, and multiply 
and ſubtract as in common diviſion, and the remain» 
der is 43946 3 then prick off the 3 in the diviſor, 
and ſeek how oft the remaining figures may be had 


in 43946, the remainder, which can be but once 


put 1 in the quotient, and multiply and ſubtract, 
. the next remainder is 21372: Then prick off 
Re in the diviſor, and ſeek how often the remain» 


ing figures may be had in 2372, which will be nine 


times; put 9 in the quotient; multiply thus, ſaying 


9 times 4 is 36; for which I carry 4, n 
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of the 4 laſt pricked off) and 9X 7 is 63, and 
4 is 67 3 ſet down 7 and carry 6, and fo proceed till 
the diviſion be finiſhed, always reſpecting the increaſe 
made from the figures pricked off, Obſerve the work, 
which will better inform you than many words. 


2.25743) 72117562 (319-467 


677229 


4394606 
225 743 
21 37232 
203 1657 
ene 
902972 
I 524750 
13514458 


—B — 


1703220 
15180201 


1123019 


I have ſet down the work of this laſt Example at 
large, according to the common way, that thereby 
the learner may ſee the reaſon of the rule, all the 
figures on the right fide of the perpendicular line 
being wholly emitted. | 

Example 2. Let 5171.59165 be divided by 
8.758615, and let it be required that four places 
of decimals be pricked off in the quotient. | 


D 2 8.758615 
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98 $.758615)5171-5916|5(590-4577 


43793075 
7922841 
7882754 


40087 

35934 

'"FOIP 
1379 


674 
613 
61 
61 


In this Example, I can't have 8, the firſt figure 
in the diviſor, in 5, the firſt figure of the dividend, 
ſo that the unit's place of the diviſor falls under the 
hundred's place of the dividend, ſo that there will 
be ſeven figures in the quotient, that is, three of 
whole numbers, and four of decimals ; therefore 
there muſt be 7 figures in the diviſor, becauſe the 
number of places in the diviſor and quotient will 
be equal, and there muſt be eight places in the divi- 
dend, fo that I cut off the figures 5 with a daſh, ag 
ufeleſs. Thus having proportioned the dividend to 
the diviſor, and both to the number of places, or 
figures deſired in the quotient, 1 proceed to divide 
as before, ſaying, how often 8 in 51, which will be 
5 times, put 5 in the quotient, and multiply and 
ſubtract, and the remainder is 7922841; then I 

rick off the firſt figure in the diviſor, 5, and ſeek 
ies often the remaining figures of the diviſor in 
the aforeſaid remainder, which I find g times; put 
9 in the quotient, and multiply thereby, faying, 9 
times 5 (the figures pricked off) are 45, for which I 
carry 
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carry 5, and ſay 9 times 1 is gg and 5 I carry is 14; 
ſet down 4 and carry 1, and proceed to multiply the 
reſt of the figures, and ſubtract, and the remainder 
will be 40087. Then prick off the figure 1, and ſeek 
how often 87586 iu the remainder 40087, the anſwer 
will be o; ſo put o in the quotient, and prick off the 
figure 6, and ſeek how often 8758 1n 40087, which 
will be 4 times; put 4 in the quotient, and multiply, 
faying, 4 times 6 (the figure laſt pricked off) is 24, 
for which I carry 2, and ſay 4 times 8; is 32, and 2 
I carry is 34 ; ſet down 4 and carry 3; multiply the 
reſt of the figures, and ſubtract as before; and ſo 
proceed after the ſame manner, until all the figures 


of the diviſor be pricked off to the laſt figure. 


; See the Work. 

Example. 3. Let 25.1367 be divided by 217.3543 
and let there be five places of decimals in the quotient. 

In this Example, 7, the unit's place of the diviſor 
falls under 1, the firſt place of the decimals, therefore 
the firſt figure of the quotient is in the firſt place of 
decimals, fo the quotient will be all decimals : Then, 
becauſe the quotient figures, and the figures of the 
diviſor will be of an equal number, daſh off the 43 
in the diviſor, and the 7 in the dividend, as uſeleſs, . 
and divide as before. 


217-35143)25-136|7(.11564 
21735 | 


D 3 Althe 
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Altho? I have hitherto given directions for propor- 
tioning the diviſor and dividend, ſo as to bring into 
the quotient what number of decimals you 4 yet 
there is no abſolute neceſſity for it; but you may 
carry on your diviſion to what degree you pleaſe, be- 
fore you begin to priek off the figures of the. diviſor, 
in order to contract the work, as in the following 
Examples, where it is not required to prick off any 
determinate number of decimals, but it may be done 


according to diſcretion. 


' 2.756756) 7414-76717 (2689.67118 
5513512 
19012551 ö 
165405 36 Ae. 


24720157 
22054048 


2666109 
2481080 
185029 
165405 
19624 
19297 
327 

276 

51 

28 


23 
22 


1234254 
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12-34254)514-75498(41-705757 
* 4937016 


2105338 
1234254 


871084 
863978 


CHAP. VII. 
Extraction of the Sau Ax R-Roor. 


Fa Square Number be given. 


O find the root thereof; that is, to find out 
ſuch a number, as being multiplied into itſelf, 
the product ſhall be to the number given, ſuch 
operation is called, The Extrafiion of the SQUARE 
ROOT ; which to do, obſerve the following direc- 

tions, 
if. 
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1 You muſt point your given number, that is, 
make a point or prick over the unit's place, another 
upon the hundred's, and ſo upon every ſecond figure 
throughout. 
 2dly, Then ſeek the greateſt ſquare number in the 
firſt point towards the left hand, placing the ſquare 
number under the firſt point, and the root thereof 
in the quotient, and ſubtract the ſaid ſquare number 
from the firſt point, and to the remainder bring down 
the next point, and call that the reſolvend. 

3dly, Then double the quotient, and place it for 
a diviſor, on the left hand of the reſolvend, and 
ſeek how often the diviſor is contained in the reſol- 
vend, (reſerving always the unit's place,) and put 
the anſwer in the quotient, and alſo on the right 
hand fide of the diviſor ; then multiply by the figure 
lalt put in the quotient, and ſubtract the product 
from the reſolvend (as in common diviſion) and bring 
down the next point to the remainder {if there be 
any more and proceed as before. 


A Table of Squares and Cubes, and their 
Roots. 


NJ TM 5 | 6 7 | 8 | 5 
qu [4] 9116] 25 [36 [49 646: 
Cube J 8 | 27164 125 216 343 512 | 729 


Example 1. Let 4489 be a number given, and let 
the ſquare root thereof be required. 


4459.07. 
36 
— a 
127 889 Reſolvend 
889 Product. 
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- Firſt, point the given number, as before directed, 
then (by the little Table afaregoing) ſeek the great- 
eſt ſquare number in 44, (the firſt point to the left 
hand) which you will find to be 36, and 6 the root, 
put 36 under 44, add 6 in the quotient, and ſubtract 

6 from 44, and there remains 8 : Then to that 8 
bring down the other point 9, placing it on the 
right hand, ſo it makes 88g for a reſolvend ; then 
double the quotient 6, and it makes 12, which place 
on the left hand for a diviſor, and ſeek how often 12 
in 88 (reſerving the unit's place) the anſwer is 7 
times, which put in the quotient ; and alſo on the 
right hand fide of the diviſor, and multiply 127 by 
7, as in common diviſion) and the produdt is 889, 
which ſubtracted from the reſolvend, there remains 
nothing, ſo is your work finiſhed, and the ſquare 
root of 4489 is 67, which root, if you multiply by 
itſelf, that is 67 by 67, the product will be 4489, 
equal to the given ſquare number, and proves the 
work to be right. ſp 

Example 2. Let 106929 be a number given, 
let the ſquare root thereof be required. 
. „ #% 
1069297327 
9 


62) 169 Reſolvend. 
124 Product. 


647) 4529 Reſolvend. 
4529 Product. 


Firſt, point your given number, as before directed, 
putting a point upon the units, hundreds and tens of 
thouſands; then ſeek what is the greateſt ſquare num- 
ber in 10 (the firſt point) which by the little table 
you will find to be 9, and the root thereof; put g 
under 10, and 3 in the quotient; then ſubtratt g out 
of ro, and there remains 1, to which bring down 69; 
the next point, and it — cy 


| 
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then double the quotient 3, and it makes 6, which 
Place on the left hand of the reſolvend for a diviſor, 


and ſeek how often 6 in 16, the anſwer is twice, put 
2 in the quotient, and alſo on the right hand of the 


diviſor, making it 62: Then multiply 62 by the 2 


you put in the quotient, and the product is 1243 
which ſubtract from the reſolvend, and there remains 
45; to which bring down. 29, the next point, and it 
makes 4529 for a new reſolvend; then double the 
uotient 32, and it makes 64, which place on the left 
de the reſolvend for a divifor, and ſeek how oft 64 
in 452, which you will find 7 times: put 7 in the 
quotient and alfo on the right hand of the diviſor, 
making it 647, which multiplied by 7 in the quo- 
tient, it makes 4529 which ſubtract ſrom the reſol 
vend, there remains nothing: So 327 is the ſquare 
root of the given number. 
Example 3. Let 2268741 be a ſquare number 
given, the root whereof is required. 


| 2268741 (1506 23 
I 


25) 126 
125 
3006) 18741 
18036 
30122) 50500 
60244 
301243 1025000 


903720 
Remains III 


Having pointed the given number as before direQ- 
ed, ſeek what is the greateſt ſquare number in the 
firſt point 2, which is 1 ; put 1, the ſquare under 2, 


and i the root thereof in the quotient ; ſubtract 1 


from 2, and there remains 1 ; to which bring down 
the next point 26, and ſet on the right hand, making 
it 126; double the 1 in the quotient, which makes 2 
ſet 2 on the left hand for a diviſor, aud aſk how of- 

S314 ten 


G oc co ani two oo * us 


Saen 0, 
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ten 2 in 12, which will be five times; put 5 in the 
quotient and alſo on the right hand of the diviſor, 
making it 25; multiply (as in common diviſion 25 
by 5, and ſubtract the product, 125, from 126, and 
there remains i; bring down the next point, 87, and 
it makes 187 for a new reſolvend, and double the 15 
in the quotient, it makes 30 for a new diviſor ; then 
ſeek how often 30 in 18, which you can't have; ſo 
that you muſt put o in the quotient, and alſo on the 
right hand of the diviſor, and bring down the next 
point, and it makes 18741 for another new reſolvend 
then ſeek how often 300 in 1874 which will be 6 
times; put 6 in the quotient, and alſo on the right 
hand of the diviſor, multiply and ſubtract, and the 
remainder will be 7og. Now, if you have a miad 
to find the value of the remainder, you may annex 
ciphers, by two at a time to the remainders, and ſo 
proſecute the work to what number of decimal parts 
yon pleaſe ; thus, to 705 annex two ciphers, and it 
will make 70500, and the quotient doubled, is 3012 
for a diviſor ; then ſeck how often 3012 in 7050 (re- 
jecting the unit's place which will be twice; put 2 
in the quotient, and alſo on the right hand of the 
diviſor, and multiply and ſubtract as before, and the 
remainder will be 10256; to which annex two ci- 
Phers, and proceed as before, and you will get 3 in 
the quotient next. 'So the ſquare root of the given 
number is 1506,23, which being ſquared or multi- 
plied by itſelf, and the laſt remainder added, will - 
make the given number as follows ; | 


1506.23 
1506.23 


451869 
301246 
903738 


753115 
| 150623 


2268728 8129 
The Remainder add 12.1871 


Proof 2268741.0000 


Some 
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Some more Examples for Prafiice 


Exanpl: 1. 7596796 (2756-228 Root. 
4 | 


47) 359 gp 
329 ; 


— — — 


545. 3067 ? 


55122126000 
110244 


551242) 1575600 
1102484 1 


5512448) 47311600 
29 


88 ( — 


3212016 


ö 
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| "1 Examples for Pradice. 


Example 2. 5 77.5745 (866.84 Root. 
4 


166) 1114 
966 
— 0 
1726) 11817 
10356 


17329) 146157 
131 8624 


173364) 753345 
693456 


59889 


If the given number be a mixed number viz. con- 
fiſting os a whole number ard a decimal together, 
make the number of decimal 3 . even, that is 2, 
4, 6, 8, Cc. that ſo there may a point fall upon the 
unit's place of the whole numbers, as in this laſt Ex- 
ample, and in that following. 
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Example 3. Let 656714-37512 be given to find 
the ſquare root. 


656714-3751 20(810.379 Root, 
64 


I61) 167 
161 


16203) 61437 
48609 


162067) 1282851 
1134469 


1620749 14838220 
14586741 


Remains 251479 


In this Example there are five places of decimals : 
put a cipher to it, to make it even, that ſo there may 
a point fall upon 4, the unit's place. 


To find the Square Root of a Fraction. 


If it be a decimal fraction, the work differs no- 
thing from the Examples foregoing, only you muſt 
be mindful to point your given number aright ; for 
(as was before directed) the number of places muſt 
always be made even, and then begin to point at the 
right hand, as in whole numbers. 


I it be a vulgar fraction, it muſt be reduced to a 
decimal, by the firſt rule of the ſecond Chapter. 


I ſhall give an example or two in each caſe, and ſo 
conclude this chapter. 


Let 


4 
. 
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Let. 125 be a decimal fraction given, whoſe ſquare 
root is required; and let it be required to have four 
places of decimals in the root. 


+I 2 500000 (+3333 
IE 
65) 350 
325 
703) 2500 
2109 


7065) 39100 
„ 


3775 


In this Example there muſt be five ciphers annex- 


ed, becauſe two places in the ſquare make but one in 


the root. 


Let the Square Root of .0071 5 be required. 


007 150 (. o84 


94 
In this a cipher is added to make the places even. 


E 2 Let 
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Let 3 be a vulgar fraction given, whoſe 'Cquary 


root is required, 


). 7 (9354 
1 


8) 7000 
64 
60 183) 650 
56 549 
40 1865) 10100 
40 9325 
T 18704) 77500 
74816 
— — 


2684 


Reduce this + to a decimal, it makes . 875, to 
which annex ciphers, and extract the ſquare root, as 
if it was a whole number. So the root is .9354- 


Let a be a vulgar e whoſe ſquare root 


is required, 
| » » + » Root 
960) 3-000000c[o0 ).00312500 (.0559 
7 2 +++ + 25 
288 — 
— I05)625 
120 525 
96 — 
— 1109) 10000 
240 9981 
192 
— 19 
480 
480 
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In extracting the root of this, becauſe the firſt 
point conſiſts of ciphers, there muſt be a cipher put 
ficſt in the quotient. 


To prove this rule, ſquare the root, and to the 
product add to the remainder, as was before directed. 
To ſquare a number is to multiply it by itſelf; and 
to cube it, is to multiply the ſquare of the number 
by the number itſelf. . 


CHAP. VIIL 


Extraction of the Cube Root. 


O extract the Cube Root, is nothing elſe but 

to find ſuch a number, as being firſt multiplied 

into itſelf, and then into that product, produceth the 

given number ; which to perform, obſerve theſe fol- 
lowing directions. | . 


1/, You muſt point your given number, beginning 
with the unit's place, and make a point or dot over 
every third figure towards the leſt hand. 


2dly, Seek the greateſt cube number in the firſt 
point towards the left hand, putting the root there- 
of in the quotient, and the ſaid cube number under 
the firſt point, and ſubtract it therefrom, and to the 


remainder bring down the next point, and call that 
the reſolvend. N 


3dly, Triple the quotient, and place it under the 
reſolvend, the unit's place of this under the tens 
place of the reſolvend; and call this the triple quo- 


tient. 
L 3 4bly, 


* 
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4thly, Square the quotient, and triple the ſquare, 
and place it under the triple quotient, the units of 
this under the ten's place of the triple quotient, and 
call this the triple ſquare. 


5thly, Add theſe together, in the ſame order as 
they ſtand, and the ſum ſhall be the diviſor, 


6:hly, Seek how often the diviſor is contained in 
the reſolvend, rejecting the unit's place of the reſol- 


vend, (as in the ſquare root) and put the anfwer in 
the quotient, 


71h, Cube the figure laſt put in the quotient, and 
put the unit's place thereof under the unit's place of 
the reſolvend. 


S/ ly, Multiply the ſquare of the figure laſt put 
in the quetient, into the triple quotient, and place 
the product under the laſt, one place more to the left 
hand. 


9:hly, Multiply the triple ſquare by the figure laſt 
put in the quotient, and place it under the laſt, one 
place more to the left hand. 


1othly, Add the three laſt numbers together, in 


the ſame order as they tand, and call that the ſub- 
trahend. 


Lafily, Subtrat the ſubtrahend from the reſol- 
vend, and if there be another point, bring it down 
in the remainder, and call that a new reſolvend, and 
proceed in all reſpects as before, from the beginning 
of the third ſtep to the end of this laſt, 


Example 
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Example 1. Let 314432 be a cubic number, whoſe 


root is required. 


314432 )68 Root. 
216 


98432 Reſolvend. 


18 Triple quotient of 6. 


108 Triple ſquare of the quotient 6. 


I oo Diviſor. 


= 


512 Cube of 8 the laſt figure of the Root. 
1152 The ſquare of 8, by the triple quotient. | 
864 The triple ſquare of the quotient 6, by 8. 


98432 The Subtrahend. 


After you have pointed the given number, ſeek 
what is the greateſt cube number in 314, the firſt 
point, which, by the former little table [page 34] 
you will find to be 216, which is the neareſt that is 
leſs than 314, and its root is 6; which put in the 
quotient, and 216 under 314, and ſubtract it there- 
from, and there remains 98, to which bring down 
the next point, 432, and annex to 98, ſo will it 
make 98432 for the reſolvend ; then triple the quo- 
tient 6, it makes 18, which write down, the unir's 

lace, 8, under 3, the tens place of the reſolvend : 
Then ſquare the quotient 6, and triple that ſquare, 
and it makes 108, which write under the triple quo- 
tient, one place on the left hand; then add thoſe two 
numbers together, and they make 1098 for the di- 
viſor ; then ſeck how often the diviſor is contained 
in the reſolvend (rejecting the unit's place thereof) 
that is, how often 1098 in 9843, which is 8 times; 
put 8 in the quotient, and the cube thereof below 
the divifor, the unit's place under the unit's place of 


the 


\ 
1 
S 


of * 
. 
x 
* 
» 
* F b 


* 
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the reſolvend : Then ſquare the 8 laſt put in the quo- 
tient, and multiply 64, the ſquare thereof, by the tri- 
ple quotient 18, the product is 11523 ſet this under 
the cube of 8, the units of this under the tens of that. 


Then multiply the triple ſquare of the quotient by 
8, the figure laſt put in the quotient, the product is 
864 ; ſet this down under the laſt quotient a place 
more to the left hand : then draw a line under thoſe 
three, and add them together, and the ſam is 98432, 
which is called the ſubtrahend, which being ſubtracted 
from the reſolveud, the remainder is nothing. Which 
ſhews the number to be a true cubic number, whoſe 


root is 68; that is if 68 be cubed it will make 314432. 


For, if 68 be multiplied by 68, the product will 
be 4624, and this product multiplied again by 68, 
the laſt product is 314432; which ſhews the work 
to be right, 

68 
68 


544 
408 


The Work, 4624 
68 


i 36992 
! > 27744 


The Proof 314432 


Example. Let the cube root of 57353339 be re · 
quired, 


After you have pointed the given number, ſeek 
what is the greateſt cube number in 5, the firſt point, 
which (by the little table page 34) you will find to 
be 1, which place under 5, and 1, the root thereof, in 


the quotient, and ſubtract 1 from 5, and there re- 
mains 


0 
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mains 4, to which bring down the next point, it 
makes 4735 for the reſolvend: Then triple the 1, 
and it makes 3, and the ſquare of 1 is 1, and the tri- 
ple thereof is 3; which ſet one under another, in 
their order, and added makes 33 for the diviſor : 
Seek how often the diviſor in the reſolvend, and 
proceed as in the laſt Example, 


$735339 (179 Root. 


4735 Reſolvend. 


Triple of the quotient 1, the firſt figure, 
3 The triple ſquare of the quotient 1. 


3$ The diviſor, 


343 The cube of 7, the ſecond figure of the root. 
147 The ſquare of 7, mult. in the triple quot. 3. 
21 I he triple ſquare of the quotient, mult. by 7. 


3913 The ſubtrahend. 


— — — — 


822339 The new reſolvend. 


1 The trip. of the quot. 17, the two firſt fig. 
867 The triple ſquare of the quotient 17. 


8721 Diviſor. 


729 The cube of q, the laſt figure of the root. 
4131 The ſquare of g, mult. by the trip, quot. 51. 
7803 The triple ſquare of the quotient 867 by g. 


822339 The ſubtrahend. 


In this Example, 33, the firſt diviſor, ſeems to be 
contained more than 7 times in 4735, the reſolvend ; * 
but 
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but if you work with g, or 8, you will find that the 
ſubtrahend will be greater than the reſolveyd. 


Some more Examples for Practice. 


32461759 (319 The root. 


27 
5461 Reſolvend. 
| The triple of 3» 


27 The triple ſquare of 3. 
279 The Diviſor. | 


1 The cube of 1, the ſecond figure. 


9 The triple quotient by the ſquare of 1. 
27 The triple ſquare mult. by 1, the ſecond fig. 


C® 


2791 The ſubtrahend. 


2670759 A new reſolvend, 


—ñ —2—Z—F x — 


The triple of 31. 
2883 The triple ſquare of 31. 


28923 The diviſor. 
729 The cube of q, the laſt figure. 
7533 The ſquare of 9, by 93, the triple quot. 
25947 Thetriple ſquare 2883 by g., | 


— ——————— — 


2670759 The ſubtrahend. 


— — —' 


* 
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21654590439 The Root. 
4 « 


20604 Reſolvend. 


12 The triple of 4. 
43 The triple ſquare of 4. 


492 The diviſor, 


27 The cube of 3. 


108 The ſquare of 3, by the triple quotient: 
144 The triple ſquare by 3. 


15507 The ſubtrahend. 


— — — — 


5097519 Reſolvend. 


129 The triple of 43. 
5547 The triple ſquare of 43. 


$5599 The diviſor. 


729 The cube of g. 
10449 The ſquare of 9, by 129. 
49923 The triple ſquare by 9. 


5097519 The ſubtrahend. 


2596 
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2596979890638 
216 


43697 Reſolvend. 


18 The triple of 6. 
108 The triple ſquare of 6. 


1098 The diviſor. f 


27 The cube of 3, the ſecond figure. 
162 The ſquare of 3 by 18. 


324 The triple ſquare of 108 by 3. 


34047 The ſubtrahend, 


9650989 Reſolvend. N 


189 The triple of 63. 
11907 The triple ſquare of 63. 


119259 The diviſor. 


$12 The cube of 8. 
12096 The ſquare of 8 by 189. 
95256 The triple ſquare 11907 by 8. 


9647072 The ſubtrahend. 


3917 The remainder. 
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220698 10125 (2805 


14069 Reſolvend. In this Example, 1395 2, 
being ſubtracted from the 
6 The triple of 2 reſolvend, 14069, the re- 
12 Triple ſquare of 2. mainder is 117, to which 
bring down 810, the third 
126 The diviſor. point, & it makes 117810, 
for a new Reſolvend, and 
512 The cube of 8. the next diviſor is 23604, 
384 Square of 8. by 6. which you cannot have in 
96 Triple Square by 8. the ſaid reſolvend (the 


unit's place being rejected) 
13952 The ſubtrahend. ſo you muſt put © in the 


quotient, and ſeek a new 
117810125 New reſolvd. diviſor; (after you have 
— brought down your laſt 
84 Triple of 28. point to the reſolvend) 
2352 Triple ſqua. of 28 which new diviſor is 
2352840, which you will 
23604 The diviſor, hnd to be contained five 
times. So proceed to fi- 
840 Triple of 280. niſh the reſt of the Work. 
235200 'Triple ſquare of 280. 


2352840 New diviſor. 
\ 


125 Cube of 5. 
210co Square of 5 by 849, 
11760c0 Triple ſquare by 5. 


117810125 5 Subtrahend. 


— 


F 23719 


50 Extraction of the Cube Root. Part I. 


25917056 (2959 


17917 The reſolvend. 


6 The triple of 2. 
12 The triple ſquare of 2. 


126 The diviſor. 


729 The cube of 9, the ſecond figure. 
486 The ſquare of 9g by 6. 
108 "Phe triple ſquare by 9. In this Example 


I annex three ci- 


16389 The ſubtrahend. phers to the re- 
f mainder, which 

1528056 The reſolvend. makes the zd re- 
ſolvend; by which 


87 The triple of 29. means I bring one 
2523 Thetriple ſquare of 29. Place of decimals. 
And ſo you may 
25317 The diviſor. proceed to more 
decimal places at 

125 Cube of 5, the 3d fig. pleaſure, by an- 

2175 The ſquare of 5 by 87. nexing 3 ciphers 

12615 The triple ſquare by 5. to the next re- 

. mainder, and car- 

1283375 The ſubtrahend. rying on the work 
— as before. 


244681000 The reſolvend. 


* 


\ 


885 The triple of 295. 


261075 The triple ſquare of 295. 


261 1635 The diviſor. 


729 The cube of 9, the laſt figure. | — 
71685 The ſquare of 9 by 835. 05 
2349675 The triple ſquare by 9. 5 5 


8 99 5921 The remainder. 


235685079 The ſubtrahend. 
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93759-575070 (45.42 
64 


29759 The reſolvend. 


12 Triple of 4, the firſt figure. 
48 Triple ſquare of 4. 


492 diviſor. 


125 Cube of 5, the ſecond figure. 
300 The ſquare of 5, by 12, the triple quotient. 
240 The triple ſquare by 5. 


27125 The ſubtrahend. 


2634575 The reſolvend. 


135 The triple of 45. 
6075 The triple ſquare of 45. 


60885 The diviſor. 


64 The cube of 4. 
2160 The ſquare of 4 by 135. 
24300 The triple ſquare by 4. 


— — —— 


2451664 The ſubtrahend. 


18291 1070 The Reſolvend 


1362 The triple gf 45.4. 
618348 The triple ſquare of 45.4. 
6184842 The diviſor. 

8 The cube of 2. 


| 5448 The ſquare of 2 by 1362. 
1236696 The triple ſquare by 2. 


1237 24088 The ſubtrahend. 


59186982 The remainder. 
© In 
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In extracting the cube root of a mixed number, 
always obſerve to make the decimal part to conſiſt of 
eit her three, fix, nine, Sc. Places; that is, always 
to conſiſt of even points, as in the laſt Example, 
where the decimal places were five, to whieh I an- 
nexed a cipher, to make it up fix, and ſo I proceed, 
to point it; and by that means I have a point falls 
upon the unit's place of whole numbers; which you 
malt always obſerve. 


Toextradt the Cube Root out of a Fraction. 


This is the ſame to do as in whole Numbers, ob- 
ſerve but the foregoing directions for the true point- 
ing thereof; for, as was before directed, the deci- 
mal muſt always conſiſt of three, ſix, nine, Qc. pla- 
ces; and if it be not ſo, it muſt be made ſo by an- 
nexing of ciphers,” as is above ſaid. 


If the cube root of a vulgar fraction be required, 
you muſt firſt reduce it to a decimal, and then ex- 


tract the root thereof. 


Examples of each folloæu. 


Example 
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Example 1. Let the eube root of . 401719179 be 
required. 


4017199 (737 root. 
343 cube of 7. 


58719 Reſolvend. 


21 Triple of 7. 
147 Triple ſquare of 7. 


1491 Diviſor. 


27 Cube of z. 
189 Square of 3 by 21. 
441 Triple ſquare by 3. 


46017 Subtrahend. 


12702 I 79 Reſolvend. 


219 Triple of 73. 
15987 Triple ſquare of 73. 


160089 Diviſor. 


343 Cube of 7. 
10731 Square of 7 by 219. 
111909 Triple ſquare by 7. 


11 2985 53 Subtrahend. 


140 3 626 Remainder. 


F 3 Example 
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Example 2. Let the cube root of .ocoi416 be 
required. 


| .0001416co (.052 Root. 
| 125 
| 16600 Reſolvend. ; 
} 15 The triple of 5. 
"| 75 The triple ſquare of 5. 


765 The diviſor. 


8 The cube of 2. 
60 The ſquare of 2 by 15. 


150 The triple ſquare by 2. 


15608 The ſubtrahend. 


992 Remainder. 


Example 3. Let +35 be a vulgar fraction whoſe 
cube root 1s required. 


By the firſt Rule of Chapter II. reduce the vulgar 
fraction to a decimal. 


| 276) 5.000000000 (.018115942 


2240 
320 
440 
1640 
2600 
1160 
560 
— — 
8 


018115942 
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018115942 (.262 Root. 
_ mT 


10115 Reſolvend. 


The triple of 2. 


12 The triple ſquare of 
126 The diviſor, 
216 The cube of 6. a 
216 Square of 6 by the triple of 2. 
72 The triple ſquare by 6. 
9576 "The ſubtrahend. 
539942 Reſolvend. 
78 The triple of 26. 

2028 "The triple ſquare of 26. 
20358 The diviſor. 


8 The cube of 2. 
The ſquare of 2 by 78. 
Triple ſquare 2028 by 2. 


312 
4056 


408728 The ſubtrahend. 


131214 Remainder. 


You may prove the truth of the work by cubing 
the root found, as was ſhewn in the firſt Example; 
and if any thing remains, add it to the ſaid cube, 
and the ſum will be the given number, if the work 
is rightly performed, 


I will 
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I willſhew the proof of the fifth Example { Page 48) 
the given number being 259697989, whoſe root is 
638, it being a ſurd number there remains 3917. 


638 
638 


3104 
1914 
3828 


The ſquare 407044 
638. 


3256352 
I221132 


2442264 


The cube 259694072 
The remainder add 3917 


Proof equal to the given number 259697989 


ExTRACT10N of Roors, out of any Single 
Power, by one General Method, deduced 
from the CONVERGING SERIES. 


In order to perform this obſerve carefully the tol- 
lowing. 


GENERAL RULES. 


Rule 1. ] Point the given number as directed p. 32, 
41, S. 


Rule 2. ] Find the neareſt root to the firſt period 
towards the left hand, and to this root annex a cipher 
for every period, except one, in the given number, 
and raiſe it to the height of the given power, 


Rule 3.] Take the difference between this in- 
volved root and this given number for a dons 
whic 


— 
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which Note with the ſign + if the given number be 


greater, but with — if the given number was leſs than 
the involved root. 

Rule 4. ] Raiſe the ſaid root and ciphers to a pow- 
er whoſe index is one leſs than the index of the given 
power, and multiply this number by the index of the 
given power, for a diviſor, by which divide the divi- 
dend, taking but one figure into the quotient, 

Rule 5.] If the aforeſvid difference was noted 
with +, this quotient figure muſt be annexed to 
the firſt taken root, but if noted with — it muſt be 
taken from the faid root, and the ſum or difference 
muſt be wrought with in every reſpect as with the 
firſt taken root, and the next quotient you get, you 
take two figures, and the next quotient after that 
you may take three or four figures, &c. every time 
nearly, doubling the number of figures, by which 
means you may have the root of any ſingle power to 
a great many places of figures, which compared with 
the old method is vaſtly eaſy : We ſhall examine this 
method by an Example or two of the Square Root, 
and then apply it to the Cube or higher Powers. 


Example 4. What is the ſquare root of .321489 ? 
OrYPERAT 1 0 V. 
360000=8Square of 600. 


32 1489 given number ſubtract. 


1200) 38911 ( 600 firſt root. 
36000 zo quotient ſubtraQed. 


Remainder 251 360 ſecond root. 
321489 given number. 
313600 Square of 560 ſubtract. 


1120) +7889 (560 ſecond root. 
7840 7-0 Quotient add. 


Remainder 49.0 - 567.0 third root. 
Here 
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| Here the neareſt root to the firſt period 32 is 6, 
and there are two periods more in the given number, 
ſo I put two ciphers to 6 and it makes 600, which 
multiplied by itſelt gives 3 60000, which being greater 
than 321489, I ſubtract 321489 therefrom, and ſet 
the ſign — before the remainder or dividend 38511. 
Now the index of the ſquare being 2, and the next 
leſs power to the ſquare being 1, or the firſt power, 
{ Rule 4.) the double of 600, vis. 1200, is the firſt 
diviſor, and the quotient comes out of 32, but we are 
to take but the firſt figure 3, ſo I put a cipher in 
the room of 2 ; and here Note, the reaſon of taking 
but one figure in the firſt diviſor, two figures in the 
ſecond diviſor, c. is, becauſe if we take more, the 
root will be too much. Hence when the quotient 
is to be ſubtracted you may carry one to the firſt fi- 
re towards the right hand, ſo in this Example, in- 
ead of taking 30 from 600, I take 40 therefrom 
for it is to be fäbtracted, becauſe 38511 is noted with 
—, the carrying of this 1, would arife from taking 
the 2 out of o, viz. 32 from 600, but when the quo- 
tient is to be added, ſuch increaſe muſt not be re- 


garded. 


1 But 40 taken from 600 leaves 560 for the ſecond 
1 root, which gives 313600 when ſquared, and being 

. leſs than the given number, is ſubtracted therefrom, 
and + 7889 remains for a ſecond dividend, which 
divided by twice 560, viz. 1120, gives 7.0; for 

| here we are to take two figures into the quotient, 
if and becauſe the dividend is noted with + this 7.0 is 
added to 560, which gives 567 for the third root, 
and being ſquared is equal to the given number; 


ſo 567 is the true ſquare root of 321489. 


Example 
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Example 5. What is the ſquare root of 7 


Or?PEPrAT10 u. 


9 the neareſt ſquare to 7. 
7 the given number. 


6)—2.0 3 the firſt root, 


18 { 0.3 the quotient ſubtract, 
Remainder (2) 2.6 ſecond root, 


7 given number. 


6.76 Square of the ſecond root, 


5, 2)+.240 (2. ſecond root. 
208 .046 Quotient add, * 


320 2.646 third root, 
312 


(8) Remainder. 


7.001316 Square of 2.646. 


—— given number ſubtraR. 
5.292 )—,0013160 


2.646 third root, 
10584 | .0002486 Quot ſubtract 
2576 2.6457517 fourth. 
21168 
{ Root true to the laſt 
45920 figure. 
42336 
35840 
31752 


— — — 


Remains (4088) 


Here 


60 Extraction of the Cube Root. Part 1. 


Here the neareſt ſquares to the given number 7, 
are 4 and , but g is nearer to 7 than 4, fo I take , 
whoſe ſquare root is 3, and twice 3 is 6, the firſt 
diviſor ; alſo becauſe the quotient 0.3 is to be ſub- 
trated from the firſt root 3, I ſubtrat o4 as 
directed in the laſt Example; for the ſame reaſon I 
ſubtract 0002487, inſtead of .coo2486 from the 
third root 2.646, and ſo get 2.6457513 for the 
ſquare root of 7, and if you ſquare this laſt root 
and proceed as before, you may rely on ſeven or 
eight figures in the quotient, and ſo have the root, 
to fourteen or fifteen places of decimals, 


This method of extracting roots proves itſelf as 
it goes on, for here 3 is more than the ſquare root 
of 7, but 2.6 is ſomewhat leſs; alſo 2.646 is ſome- 
what inore, and again 2.64575 13 is ſomewhat too 
little; ſo that every one of theſe roots come nearer 
the truth than the preceding one; that is, 2.6 is 
nearer than 3, but 2. C6 is nearer than either 4, or 
2 6, Ee. 

Example 6. What is the Cube Root of 1728? 


„ Or RAT ION. 


1728 the given number, 
1000 the cube of 10 ſubtract. 


3000 ＋728 (10 firſt root, 
ä 600 2 quotient add, 


Remains 128 12 ſecond root. 


Here the cube root of 1, the firſt period, is 1, 
to which annex a cipher becauſe there is another 
period in the propoſed number 1728, and it becomes 
10, whoſe cube 1000, taken from 1728 leaves 728 
for a dividend ; now the next power below the cube 
1s the ſquare, and the index of the cube is 3, there- 
fore by the fourth rule, the ſquare of 10 is 100, which 
multiplied by 3, gives 300 for the firſt diviſor, and 
the quotient 2 added to 10 gives 12 for the ſecond 
root, which cubed gives 1728; hence 12 is the ex- 
act cube root of 1728. Example 
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Example . Let it be required to extract the Cube 


Root out of 
.067507824239 given num. 


- 64 ube of 4 
3 times the 48] +003 507324239 | -4 firſt root, 
ſquareof .4= | 336 .007Q. add. 
Remains 14 407 ſec. Rt. 


— 


067507824239 given numb, 
067419143 Sub. C. of. 407 2dR. 


3 times 


the ſqu. 496947) +000<88681239 40 2d R. 
of. ois 496947 3.009174 add 


38986539 .407178(third 
3478629 ſro to the 
lait figure, 
4200249 
3975576 


Remains 224673 


VOTE, Becauſe the firſt figure that ariſes in the 
firſt quotient is o, you may in ſuch caſes take two 
figures into the quotient, ſo here I take in 07, and 
becauſe two figures are taken into this quotient, 
you may take three or four Figures into the next 
quotient, as per Work. 


o that the Cube Root of. 67 507824239 is .4 ; 
or nearer. 407; or nearer ,407178. 
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Example 8. What is the Cube Root of 282? 
And of 231? 


OrRRATION I. 
343 Cube of 7. 
282 given number, 


147)—61.0 7 firſt root, 
58.8 | 0.4 Quotient ſubtract, 


Remains 22 6.5 ſecond root, 


282 given Number, 
274.625 Cube of 6.5 


126.75) 7.3750 6.5 fec. Root, 
6.3375 | -058 Quotient add, 


103750 6.558 third Root, 
101400 


Remains 2350 


Or ERATION II. 
| 216 
| 231 
108)+150 6 
108 O. 1 


— — 


Remains 42 6.1 


[| 231 
226.981 


[ I11.63)+4.0190 f 6.1 

il | 33489 {| -036 

67010 6.136 
| 66978 


—— —— 


| h Remains 32 


So the cube root of 282 1s 6.558, And the Cube 
root of 231 18 61.36 nearly. 
Example 
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Example 9. What is the Cube Root of 2150.42 ? 


OrERATION. 


21 50.42 given number, 


1000 Cube of 10, 


3000 ＋ 1150.42 
909 
Remains 250.42 


2197 Cube of 13, 
2150.42 given number, 


— — — — 


15210 46.58 
4563 


10 nrſt root, 
3 Quotient add, 


13 ſecond root, 


13 


ſecond root. 


0.0306 Quot. ſubtr. 
—ů— 


9500 12.969 3 third root, 


9126 
Remains (374 


G 2 


E . 
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Example 10. What is the Cube Root of 1! ? 


OrERATION. 


The decimal of 17 is 1.34333 given number. 
I Dube of 1 


3) 0.3333 J1 firſt root. 
3 0.1 Quo. add 


Remains . 033 Oc. 1.1 ſec. root. 


1.3333 given number, 
1.331 Cube of 1.1 


3.63) T. 02333 1. t ſecond Root, 
2178 coo6427. 


" 1553 1.100642) 
1452 


1013 
726 


2873 
2541 


x Remains (332) 


In Example 9, Becauſe the firſt figure in the ſecond 
quotient is a cipher, I take four figures into that 
quotient, and ſo get the cube root of 2150.42 to 
be 12.9693, but in Example lo, the two firſt . 
in the ſecond quotient are ciphers, viz. the places 
of hundreds and thouſands are each a cipher, and 
therefore in this caſe, I take figures into the ſaid 
quotient (you may take feven or eight figures if you 
pleaſe) and ſo get 1.1006327 for the Cube Root of 
13, or 1. 333333333, Oc. 

CHAP. 
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CHAP. IX. 


Multiplication of Feet, Inches and Parts. 
N the multiplying of feet, inches, c. I ſhall en- 


deavour to lay down ſuch eaſy and familiar rules, 


as may eaſily be underſtood by the meaneſt capacity. 


Example 1. Let 7 feet ꝗ inches be multiplied by 3 
feet 6 inches. 


Firſt, multiply 9 inches by 3, ſaying 3 times g is 27 
inches, which make 2 feet 3 inches; ſet down 3 un- 
der inches, and carry 2 to the feet, ſaying, 3 times 7 
is 21, and 2 that I carry make 23; ſet down 23 under 
the feet. | 

Then begin with 6 inches, faying 6 times 9 is 54 
parts, which is 4 inches and 6 parts; ſet down 6 parts, 
and carry 4, ſaying, 6 times 7 is 42, and 4 that 
I carry is 46 inches, which is 3 feet 10 inches; which 
{et down, and add all up together, and the product is 
27 feet, 1 inch, 6 Parts. 


Example 2. Let 75 feet 7 inches be multiplied by 
9 feet 8 inches. | 
. F. I. 
73 7 
gy 


oe 5 | 
30 48 


78 3 2 2 Firſt, 
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Firſt, multiply by g feet, ſaying, 9 times 7 is 63, 
which is 5 feet 3 inches; ſet down 3 and carry 5, ſay- 
ing, 9 times 5 is 45, and 5 that I carry is 50 ſet 
down © and carry 5, ſaying, 9 times 7 is 63, and 5 
is 68; ſet down 68, and proceed to multiply by 8 
inches, ſaying, 8 times 7 is 56, the twelves in 56 are 
4 times, and 8 remain; ſet 8 a place to the right hand, 
and carry 4; then multiply 75 by 8, and the product 
is 600, and 4 that I carry is 604, which divided by 
12, the quotient is 50 feet, and 4 remains ; ſet down 
50 feet, 4 inches, and add all up together, and you 
will find the product 730 feet, 7 inches, 8 parts. 

I will repeat the laſt Example again, and ſhew ano- 
ther way to work it, which I think is better and more 
expeditious when there are more figures than one in 
the feet: Thus, 


. . Bo 
FS 7 
680 3 


25 2 47 
25 2 47 
n 

Mult iply by 9 feet firſt, as above directed; then, 
inſtead of multiplying by 8 inches, let the 8 inches be 
parted into ſuch aliquot or even parts of a foot as you 
find to be contained in that figure ; if you take ſuch 
parts of the multiplicand, and add them to the former 
product, the ſum will give the anſwer, thus 8 inches 
may be parted into 4 and 4, becauſe 4 is the third 
part of 12 : ſo, if you take the third part of 75 feet, 
7 inches, and ſet it down twice, and add all together, 
the ſum will be 730 feet, 7 inches, 8 parts, the ſame 
as before: thus ſay how often 3 in 7, which is twice, 
ſet down 2 ; then, becauſe twice 3 is 6, ſay 6 out of 
7 and there remains 1, for which you muſt add 10 to 
the 5, and it makes 15 ; then the threes in 15 are 5 
times, ſet down 5 ; and, becauſe 3 times 5 is 15, 
there is o remains. Then go to the 7 inches; ſaying 
the threes in 7 are twice, ſet down 2 in the inches; 


becauſe 
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becauſe twice 3 is 6, take 6 out of 7 and there re- 
mains 1 inch, which is 12 parts ; then the threes in 
I2 are 4 times, and o remains. So the third part of 
75 feet, 7 inches, is 25 feet, 2 inches, 4 parts; 
which ſet down again, and add all together, the ſum 

is 730 feet, 7 * 8 parts, the ſame as before. 
Example 3. Let 97 feet, 8 inches, be multiplied 
by 8 feet, 9 inches. F. & 
8 


97 
8 9 


781 4 

48 10 

24 5 
' 854 7 
Begin, firſt to multiply by 8 feet, laying, 8 times 
8 is 64 inches, that is, 5 feet 4 inches; ſet down 4 
inches, and carry 5, faying, 8 times 7 is 56, and 5 I 
carry is G1 ; ſet down 1, and carry 6, ſaying, 8 times 
9 is 72, and GI carry is 78, which ſet down: then 
inſtead of multiplying by 9 inches, take the aliquot 
parts of 12, which &; , Which is 6 and 3, 6 inches 
being half 12, and 3 the fourth part; therefore take 
the half of 97 feet, 8 inches, which is 48 feet, 10 
inches, and becauſe 3 is half 6, you may take the half 
of 48 feet, 10 inches, which is 24 feet 5 inches; 
add all up together, and the ſum is 85 4 feet, 7 inches. 

See the work, as above. 
Example 4. Let 75 feet, 9 inches, be multiplied 
by 17 feet, 7 inches. F. I. 


p © R 
2 

= 
4 


75 9 
L 2 
325 
75 
> 
18 11 3 
8 6 
4 3 


1331 11 


68 Multiplication of Feet, &c. Part I. 


In this Example, becauſe there are more than 12 
feet in the multiplier, therefore I firſt multiply the 
75 by 17 feet: then becaufe the aliquot parts in 7 
inches are 4 and 3, that is, a third and a fourth I 
take the third part of 75 feet, 9 inches, which is 25 
feet, 3 inches, and the fourth part thereof is 18 feet, 
11 inches, 3 parts ; then the afiquot parts of 9 inches 
are Gand 3, that is half and a fourth; therefore I take 
half 17 feet which is 8 feet, 6 inches, and the fourth 
part is 4 feet 3 inches, not meddling with the 7 
inches, becauſe that was multiplied into the g before, 


then add all theſe together, and the ſum is 1331 feet, 
11 inches, 3 parts. 


Example 5. Let 87 feet, 5 inches, be multiplied 
by 35 feet, d inches. 


. 
87 5 
35 8 
435 
261 P. 
29 18]3 
29 181 3 
11 8 of x 
2 11 1 
3117 10 4 


Work here as in the laſt Example. After you have 
multiplied the feet, then take the aliquot parts of 8 
inches, which is two thirds; therefore take the third 
port of 87 feet, 5 inches, and ſet it down twice; thus 
the third part of 87 feet, 5 inches is 29 feet 1 inch 
8 parts; ſet this down twice: then the aliquot parts 
of 5 inches are 4 and 1, that is, a third part and a 
twelfth part ; therefore take a third part of 45, which 
1s 11 feet, 8 inches, and a twelfth part of 35 2 
feet, 11 inches, ſet all theſe one under another, and 


add them together, and the ſum is 3117 feet, 10 
inches, 4 parts. 


Example 
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Example 6. Let 259 feet, 2 inches, be multiplied 
by 48 feet, 11 inches. | 


F. I. 

259 2 

48 11 

2072 
1036 | 

129 7. P 1 

86 4 87 

21 7 24 F. I. 

8 1 100 %% of 48 11 
12677 8 8 


Firſt, W the feet; then take the aliquot 
parts of 11, which will be 6, 4 and 1, that is, an half 
a third, and a twelfth ; therefore take the half of 259 
feet, 2 inches, which is 129 feet 7 inches, and a 
third part is 86 feet 4 inches 8 parts, and the twelfth 
part of 259 feet, 2 inches, is 21 feet, 7 inches, 2 
parts; or (becauſe 1 is the fourth part of 4) you may 
more readily take the fourth part of 86 feet; 4 inches, 
8 parts, which is alſo 21 feet, 7 inches, 2 parts; then 
becauſe 2 inches (in the multiplicand) is one ſixth 
of 12, take the fixth part of the feet, only, in the 
multiplier, viz. 48, which quotes 8 feet, and add all 
together, and the ſum is 12677 feet, 6 inches, 10 
parts. See the foregoing work corrected. 

I ſhall ſet down only the working of ſome few Ex- 
amples in feet and inches, and then proceed to multi- 
ply feet, inches, and parts, &c. | 


F. I. F. I. 


Pro. 6960 10 6 Prod. 11423 0 4 
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; F. I. F. I. 

246 7 | 257 9 
36 9 39 11 

1476 2313 

738 E. 771 P. 

123 3 614 128 10 4 
or 7 a1 1.89 32 . 7 
120 © 2 . 
5 6 A396 94 97 
— 9 9 o 43939 

Prod. 9061 11 3 


| Prod. 10288 6 3 
| Example 11. Let 7 feet, 5 inches, 9 parts be mul- 
tiplied by 3 feet, 5 inches, 3 parts, 


F. I. . 
. 
. 
22 5 3 8. 
5 
1.10.5 3 
25 8 6 2 3 


In this Example, I firſt begin with 3 feet, and 
thereby multiply 7 feet 5 inches g parts: firſt I ſay, 

times 9 is 27 parts, at this, 2 inches and 3 parts, 
* down 3 under the parts, and carry 2, ſaying, 3 
times 5 is 15, and 2 I carry is 17, that is, 1 foat 5 
inches; ſet down 5 inches and carry 1, and ſay, 3 
times 7 is 21, and 1 I carry is 22 ; ſet down 22 feet. 
Then begin with 5 inches, ſaying, 5 times g is 45, 
which is 45 ſeconds, which makes 3 parts and 9g ſe- 
conds ; ſet down 9 ſeconds a place towards the right 
hand, and carry 3 parts, ſaying, 5 times 5 is 25 and 
3 I carry is 28, which is 2 inches and 4 parts ; ſet 
down 4 parts, and carry 2, ſay ing, 5 times 7 is 35 and 
2 I carry is 37, which is 3 feet 1 inch; ſet down 3 
Kot 1 inch, and begin to multiply by 3 parts, ſaying, 
3 times 9 18 27 thirds, that is, 2 ſeconds and 3 thirds ; 


{et 


wen EO mg, wu 


* 
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ſet down 4 thirds and carry 2, ſaying, 3 times 5 is 15, 
and 2 I catry is 17, that is, 1 part and 5 ids; 
ſet down 5; feconds, and carry 1, ſaying, 3 times 9 is 
21, and i 1 carry is 22, which is 1 inch and toparts; 
which ſet down, and add all up, and the product is 
25 feet, B mches, 6 parts, 2 ſeconds, 4 thirds. 

NOTE, That in multiplying teet inches and parts, 
Ec. if feet be multiplied by feet, the product is feet 5 
and feet multiplied by inches, the product is inches, 
and the twelfth part is feet ; and parts multiplied by 
feet; the product is parts, and the twelfth part thereor 
is inches; parts multiplied by inches, the product is 
ſeconds, and the twelfth part thereof is parts; and 
parts multiplied by parts, the product is thirds, and 
the twelfth part thereof is ſeconds,  - © © 

So, that if you begin to multiply parts by feet in 
the firſt row, and parts by inches in the ſecond row, 
and parts by parts in the third row, the firſt figure 
in every row will ſtand a place more towards the right 
hand, as you may ſee in the laſt example. 

Example 12. Lat 37 feet, 7 inches, 5 parts, be 
multiplied by 4 feet, 8 inches, 6 parts. 

F. 


I. P. 
1 
4 6 
150 5 9 8. e 
„„ T 
13 6 7 T. 
16 9 8 6fS 


— 
— — 


0579: 5 016 

Firſt, I multiply by 4 feet, faying, 4 times 5 is 20, 
which is 1 inch 8 parts; ſet down 8, and carry 1, 
ſaying 4 times ) 1s 28, and 1 I carry is 29, which is 
2 feet, 5 inches; fet down 5 inches, and carry 2, 
ſaying, 4 times 7 is 28 and 2 Lcarry is 30; ſet down 
o, and carry 3, and fay 4 times 3 is 12 and 3 is153 
ſet down 15. Then I begin with 8 inches; but be- 
cauſe the feet in the multiplicand ate more than 12, 
it will be the beſt way to work „ 

o 
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of 8; ſo here I work for 4 inches, and ſet that down 
twice, 4 being the third part of 12; therefore take 
the third part of 37 feet, 7 inches, 5 parts, which is 
12 feet, 6 inches, 5 parts, 8 ſeconds ; ſet this down 
twice. Then begin with 6 parts; but, inſtead of 
multiplying, take half 37 feet, 7 inches, 5 parts; 
(becauſe 6 is half 12) and ſet it a place more to the 
right hand. Thus, the half of 37 feet is 18, which 
I muſt count 18 inches, becauſe the multiplier is 6 
parts; ſo the half of 37 feet, 7 inches, 5 parts, is 1 
foot, 6 inches, 9 parts, 8 ſeconds, 6 thirds ; which 
ſet down, and add all up together, and the ſum is 
177 feet, 1 inch, 5 parts, © ſeconds, 6 thirds. 
Example 13. Let 311 feet, 4 inches, 7 parts, be 
multiplied by 36 feet, 7 inches, 5 parts. 


FR TI of 
311 4 7 
30; 7 5 
1866 
933. 8. 4. 
13 9 6 4 | 7 
79-20 „ 01D 4:2 
0-7 9; K 
3. 1 1157 4-41 © 
120 © © 06 
1 © © © Ox 
9 © & al + 
11402 9 4 $8 = 


In this Example, becauſe the feet both in the mul- 
tiplier and multiplicand are compound numbers, I 
firſt multiply the feet one by the other ; then take 
the aliquot parts of 7 inches, which are 4 inches and 
3, that is, a third and a fourth part; ſo take the 
third part of 311 feet, 4 inches, 7 parts, which is 
103 feet, 9 inches, 6 parts, 4 ſeconds, and the 
fourth part is 7) feet, 10 inches, 1 part, 9 ſeconds ; 
ſet theſe down one under another, the feet under the 
other feet; then the aliquot parts of 5 parts are 4 

; and. 


= 


Chap. 9. Multiplication of Feet, &c. 73 


and 1, that is, a third, and twelfth part; ſo the third 
part of 311 feet, 4 inches, 7 parts is 103 feet, 9 
inches, 6 parts, 4 ſeconds; but becauſe the multi- 
plier is parts, it muſt be ſer 2 place to the right hand, 
that is, the 103 muſt be inches, which is 8 feet, 7 
inches; therefore I ſet down 8 feet, 7 inches, 7 parts, 
6 ſeconds, 4 thirds. | 

Then, becauſe 1 inch is a fourth part of 4 inches, 
therefore I take a fourth part of 8 feet, 7 inches, 
9 parts, 6 ſeconds, 4 thirds, which is 2 feet, 1 
inch, 11 parts 4 ſeconds, 7 thirds ; which is the 
ſame as if I had taken a twelfth part of 4311 feet, 
4 inches, 7 parts, Then, for 4 inches in the mul- 
tiplicand, inſtead of multiplying 36 feet by it, take a 
third part, becauſe 4 inches is a third part of 12; 
ſo the third part of 36 is 12 feet, and the aliquot 
parts of 7 parts are 4 and 3, that is a third and a 
fourth ; ſo the third part of 36 is 12, which now 
is 12 inches, that is, 1 foot, and the fourth part is 9 
inches; add all theſe together, and the ſum will be 
11402 feet, 2 inches, 4 parts, 11 ſeconds, 11 thirds, 


Example 14. Let 8 feet, 4 inches, 3 parts, 5 ſes» 
conds, 6 thirds, be multiplied by 3 feet, 3 inches, 
7 parts, 8 ſeconds, 2 thirds. 


.. . Ds To 


8.5 '4,::9-:5.0 
$5 JV. *-£ 
35 10 4 6 
T0062 
410 5 0 2 
160% © 
CT. 4-28 In 


Frodut: 27 7 $628 


In this laſt Example there is no difficulty, if you 
do but obſerve the former directions, and ſet every 
row a place more to the right hand, 


11 I ſhall 
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I ſhall only ſet down the working of ſome few 
Examples more, and ſo conclude this chapter, 


FL. PF. F. I. P. 

$92 7.4 08 OF 
9 3. 6 n 

2894 5 3 8. 298 5 "i 

4 . 10 % '©Þ 

1 &-D 7-0 1 9 3 10 

2988 2 10 4 6 310 10 10 10 

I. 11 

7 9 259 10 8 
14 6 2 3 

406 2072 

124 8. 259 8. 

" Ws 4.16: $ Lo 86 7 6 8 
. $1. 710-85 
70.9000 8749 &-Þ 
7 „% % 0 

3 T 3TH 0 
1 6 0 „„ 
1809 F159 4793 6 o 10 8 
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F. I. P. F. I. P. 
267 7 10 $977 
85-9 7 37- :-.$ 9 
55 e nes ie. 
534 a 951 8. 
131 9 11 8. 105 11 2 4 
66 10 11 6 $6: 4 0 Fo 
. iy # 10 98 
F „„ 
a e 18 6 6 © 
$407 00 9:4. 00-8 
. * 6 WR 
8. 1-0-6 $5: 0; 4 
6905 o 7 0 10 11910 9 wh l 
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Tuk RULE Ar Larce. 


feet feet. 
Feet multiplied by U, produce 5 


parts parts. 


feet inches. 
Inches multiplied by 15 | produce 1 parts, 
parts ſeconds. 


feet parts. 
Parts multiplied by 55 | prodce| ſeconds, 
parts thirds. 
N. B. Twelve thirds male one ſecond, twelve ſeconds” 
make one part, twelve parts make one inch, and twelve 


inches make one foot, in this multiplication of feet, inches 
and parts, 


The 


1 


Complete Meaſurer. 


———— 
s FAR. 
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CHAP. L 


Menſuration of SUPERFICIES. 


Superficial figures are all ſuch as have only length and 
breadth, not having any commenſurable thickneſs. 


§. 1. Of a SQUARE, 


\ SQUARE is a geometrical figure; having four 

equal ſides, and as many right (or ſquare 
2 To find the ſuperficial content thereof, 
this is 


The RULE. 


Multiply the fade into itſelf, and the product is the 
content, 
H 3 Let 
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Let ABCD be a geometrical ſquare given, each 
ſide being 14 feet, yards, poles, or other meaſure; 
multiply 14 by itſelf, and the product is 196, which 
is the ſuperficial content. 


A B 
EU 
Un 
F 
* NAA AN 14 
AFA AE SAR 14 
ES SES TH +44 N 
NANA 56 
EPL FTI TSELSTEIS 14 
III e 
FF 196 Product. 
NBA EIER 
4-1-4 4-43-43 1.4 4 $ 
EEE ESUSERYN 
4ALELEEELEEELI 
D 14 C 


By Scale and Compaſſes. 


Extend the compaſſes from 1, in the line of num- 
bers, to 14 ; the ſame extent will reach from the 
fame point turned forward to 196. 


DEMONSTRATION. 


Let each ſide of the given ſquare be divided into 14 
equal parts, and lines drawn from one another, eroſ- 
ſing each other within the ſquare ; ſo ſhall the whole 
great ſquare be divided into 196 little ſquares, as you 
may ſee in the figure above, equal to the number of 
ſquare feet, yards, or poles, or other meaſures, by 
which the ſide was meaſured, 


( 11, 
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§ IL Weine or 
LoNG-SqvuARE. 


A PARALLELOGRAM. is a figure having 

four ſides, and as many right angles, the op- 
poſite ſides thereof being equal and parallel. To find 
the ſuperficial content he reof this is 


The R UL E. 


— the length by the breadth, and the 
product is the ſuperficial content. | 


A 18 N 0 
TT DESDE GRSSADA 
Hi 
ATT Eun ANSS 
SBEDPERERESDPASSS LS 
LLL EI 
FALL LIEFEEELEE 
ITO FLFEEFYFS 
[_| HNUMEEPLAALESR 
HI 
D C 
Length 18 
Breadth 9 
Product 162 


Let ABCD be along ſquare, the length thereof 
13 feet, and the breadth 9 feet, which multiplied 
together, the product is 162, the Nen 3929 content 
thereof. 


By Scale and Compaſſes. 


Extend the compaſſes in the line of numbers from 
1 to 9, the ſame extent will reach from 18 down to 


16 the ſquare feet. | | 
DEMONSTRATION. 
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DEMONSTRATION. 


If the ſides AB and CD, be each divided into 18 
equal parts, repreſenting 18 feet, and the lines AD 
and BC cach divided in 9 equal parts, and lines 
drawn from point to point, croſſing each other within 
the figure ; thoſe lines will make thereby ſo many 
little | 6H as there art ſquare feet, viz. 162. 


5 III. Of RH OM BUS. 


\ RHOMBUS is a figure repreſenting a 

quarry of glaſs, having four equal ſides, the 
oppoſites thereof being equal, two angles being 
obtuſe, and two acute. To find the ſuperficial 
content thereof, this is 


, The RULE. 


Multiply one of the fides by a perpendicular let fall 
frotn one of the obtuſe angles to the oppoſite fide, 
and the product is the content. 

7 


A 15.5 B 


| Perpendicular 1 3.42 
The fide 15.5 


| 


6710 
| 6710 
| 1342 


D r Product 208.010 


Let ABCD be a rhombus given whoſe ſides are 
each 5. 5 feet, and the perpendicular EA is 13.42, 
which is the ſuperficial content of the rhombus that is, 
208 feet, and one hundredth pat of a foot. 


By 
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By Scale and Compaſſes: \ 


Extend the compaſſes from i to 13:42 ; that ex- 


tent will reach from 15.5, the ſame yay to 208 feet, 
the content. | 


DEMONSTRATION. 


Let CD be extended out to F. making DF equal 
to CE, and draw the line BF; ſo ſhall the triangle 
DBF be equal to the triangle ACE: For DF and 
CE are equal, and BF is equal to AE, becauſe AB 
and CF are parallel. Therefore the parallelogram 
ABEF is equal to the rhombus ABCD. 


1 


$ IV. a RHOMBOID ES. 


\ RHOMBOTDES is a figure having four ſides, 

the oppoſite whereof are equal and parallel; and 
alſo four angles, the oppoſite whereof are equal. To 
find the ſuperficial content thereof, this is 


The RULE. 


Multiply one of the longeſt ſides thereof by the 
perpendicular let fall from one of the obtuſe angles 
to one of the longeſt ſides, and the product is the con- 
tent. + | 
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A 19.5 B 


— — 


| 


; 


D KL C F 


Let ABCD be a rhomboides given whoſe longeſt 
fide AB or CD is 19.5 feet, 6d | the perpendicular 
AE is 10.2 ; which multiplied together, the product 
is 198.9, that is, 198 ſuperficial feet, and y tenth 
parts, the content. 


DEMONSTRATION. 


If DClecatcnded to F, making CF equal toDE, 
and a line drawn from B to F; fo will the triangl 
CBF be equal to the triangle ADE, and the . 
AE Fg be equal to the rhomboides ABCD. 
ich was to be proved. 


8 —_— — _ — 


$ v. e TRIANGLE. 


A TRIANGLE is a figure having three ſides 
and three angles. Triangles are right angled 
or oblique angled. Right angled triangles are fuch 
as have one right angle. Oblique- angled triangles 
are ſuch as have their angles either acute or obtuſe, 
An obtuſe angle is greater than a right angle, that 
is, it is more than go degrees; and an acute angle is 
leſs than a right angle. To find the ſuperficial con- 
tent thereof, this is 8 
The 
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| . Th R UL E. 


Let the triangle be of what kind ſoever, multipl 
the baſe by half the perpendicular, or half the baſe 
by the whole perpendicular; or multiply the whole 
baſe by the whole perpendicular, and take half the 
product: any of theſe three ways will give the con- 
tent. 


_— - 


D | C 


Let ABC be a right - angled triangle whoſe baſe is 
14.1 feet, and the perpendicular 12 feet, multiply 
14.1 by 6, half the perpendicular, and the product 
is 84.6 feet, the content. Or multiply 14. 1 by 12, 
the product is 169.2; the half thereof is 84-6. the 

lame as before. 


14.1 Baſe. 14.1 Baſe. 
6 Half perpendicular, 12 Perpendicular. 
$4.6 Product. 169.2 Product. 


= 


84.6 


1 


84 Menſuration of Superficies. Part II. 
By Scale and Compaſſes. 


Extend the compaſſes from 2 to 14. 1, that extent F 
wall reach the ſame way from-12 to 84.6 feet, the 


content. 
Fig. 2. 
1. C Bp 
7, - 5 15.4 Baſe, 
| 3-9 half perpen, 
> 1386 
16.4. 462 
F B 60.06 Product. 
15.4 Baſe 7.7 Half Baſe. 
7.8 Perpend. 7.8 Perpend. 
1232 616 
1078 39 | 
120.12 60,06 Product. 
60.06 


Let ABC (Vg. 2) be an oblique-angled triangle 
given, whoſe baſe is 15.4, and the perpendicular 7.8 ; 
if 15.4 be multiplied by 3.9, (half the perpendicular) 
the product will be 60.06 for the area or ſuperficial 
content: or, if the perpendicular 7.8 be multiplied 
into half the baſe 7.7 the product will he 60.06, as 
before : or, if 15.4, the baſe, be multiplied by the 
whole perpendicular 7.8, the product will be 120.12, 
which is the double area; the half thereof is 60.06 
feet, as before. . « ; 


See 
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N See the Work. 
By Scale and Compaſſes. 


$ 


Extend the compaſſes from 2 to 15.4, that extent 
will reach from 7.8 to 60 feet, the content. 


DEMONSTRATION. 


If AD. { Fig. 1.) be drawn parallel to BC, and DC 
parallel to AB; the triangle ADC ſhall be equal to 
the given triangle ABC. Hence the parallelogram 
ABCD. is double to the given triangle; therefore 
half the area of the k is the area of the 
triangle. In Fig. 2. the parallelogram ABE is alſo 
double to the tyangle ABC; fo the triangle ACF 
is equal to the triangle ACD, and the triangle BCE 
is equal to the triangle BCD; therefore the area of 
the parallelogram is double to the area of the given 
triangle. Which was to be proved. 


To find the area of any plain triangle, by having the 
three fides given, without the help of a perpen- 
dicular. 


RULE. 


Add the three ſides together, and take half that 
ſum ; then ſubtract each ſide ſeverally from that 
balf ſum. Which done, multiply that half ſum and 
the three differences continually, and out of the laſt 
product extract the ſquare root, which ſquare root 
ſhall be the area of the triangle ſought. 


— 
— — R 
— — — —_ __- 


n 


— — 
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_ Example. Let Ah be a triangle, whoſe three fides 
are as follow, vis. AB 43.3, AC 20.5, and BC 31.2; 
the area 1s required, | 


| 43-3 
43. 4.2 , 
Sides 1155 | | 16.3 Differences. 


20.5 27.0 
Sum 95.0 
Half 47.5 


= * . - 
_ - 
- * * 3 
* an . 
' OY py 2 


Chap. 1. Menſuration of Superficies, 87 


Area 296.31 47-5 The half ſum. 
27 ; Ce, 


3325 
3 


1282.5 Product. 
16.3 Difference. 


4180950 
8361900 


87799-9500 (296-31 


5923) 18395 
17769 


59261) 62600 
59261 


$339 Remains, 


is DEMON- 


- - — 
— SOL, pow — — — 


VP i a 
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DEMONSTRATION. 


In the triangle BCD, I fay, if from the half ſum 
of the ſides you ſubtract each particular fide, and 
multiply the half ſum and the three differences to- 
gether continually, the ſquare root of the product 
ſhall be the area of the triangle, 


Firſt, by the lines BI, CI and Dl, biſeR the three 
angles, which lines will all meet in the point I ; by 
which lines the given triangle is divided into three 
new triangles CBI, DCl, and BDI; the perpendi- 
culars of which new triangles are the lines AI, EI 
and OI, being all equal to one another, becauſe the 
point I is the center of the inſcribed circle (by Eu- 
clid, Lib. 4 Prop. 4) Wherefore to the ſide BC join 
CF equal to DE or DO; fo ſhall BF be equal to 
half the ſum of the ſides, viz.= 4, BC + 4 BD + 
+ CD. 


And BA=BF—CD ; for CASCO and OD = 
CF, therefore CD=AF, and AC=BF—BD ; for 
BE=BA and ED=CF; therefore BD=BA + 
CF, and CF=BF—BC. F 


Then 
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Then make CK=CE, and draw the p dicula rs 
FH, GH and K H, and extend BI to H; becauſe 
the angles FCK +FHK are equal to 700 right 
angles, (for the angles F and K are right angles) 
equal alſo to FCK + ACO (by Euclid. 1. 13.) And 
the angles ACO+AJO are equal to two right 
angles; therefore the quadrangles FCK H and AIOC 
are alike ; and the triangles CFH and. AIC are alſo 
ſimilars Aad the triangles BAI and BFH are like- 
wiſe ſimilar. 

From this explanation, I ſay the ſquare of the 
area of the given triangle will be BF X IAgzBEF 
x BA xc CA x CF: In words: 

The ſquare of BF (the half ſum of the ſides ) 
multiplied into the ſquare of TA (IA=IF=10) will 
be equal to the half ſum multiplicd into-all the three 
differences, | 

For IA: BA: FH: BF, and IA: CF: : AC: 
FH; becauſe the tri angles are ſimilar, by Euclid 
Lib. 6 Prop. 4. 

Wherefore multiplyin the > "HR and means in 
both, it will be IA gx BEXFH=BA x CA x CF 
x FH ; but FH being on both ſides of the equation, 
it may be rejected; and then multiply each part by 
BF, it will be BF x IA BF x BA CA Xx CF, 
Which was to be demonſtrated. 


FOR 


— — 


— 


5 VI. Ou TRAPEZIUM. 


A TRAPEZIUM is a figurehaving four unequal 
ſides and oblique angles. To find the area or 
 Luperticml content thereof, this is 


The R UL E. 


Add the two perpendiculars together, and take 
half the ſum, and multiply that half ſum by the 
diagonal, or multiply the whole ſum by half the 
diagonal, the product * the area. Or you — 

3 
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find the areas of the two triangles ABC and ACD, 
(by ſection V.) and add thoſe two areas together, 
the ſum ſhall be the area of the trapezium. 

Or, /aftly, multiply the whole diagonal by the 


ſum of the perpendiculars, and take half the product 
for the area of the trapezium. a 


Area 2197.56 


Let ABCD be a trapezium given, the diagonal 
whereof is 80.5 and the perpendicular BF 30. 1, and 
the perpendicular DE 24. 5; theſe two added toge- 
ther the ſum is 54-6, the half thereof is 27.3, which 
multiplied by the diagonal 80.5 the product is 
2197.65, which is the area of the trapezium z or if 
4025, half the diagonal, be multiplied by 54.6, the 
whole ſum of the perpendiculars, the product is 
2197-65, the ſame as before. | 


By 
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By Scale and Compaſſes. 


Extend the compaſſes from 2 to 54.6 ; that ex- 
tent will reach from 80.5 to 2197.65, the area, 


DEMONSTRATION. 


This figure, ABCD, is compoſed of two triangles, 
the triangle ABC, is balf the parallelogram AGHC: 
Alſo the triangle ACD is equal to half the parallelo- 
gram ACIK, as was proved g V. Wherefore the 
trapezium ABCD is equal to half the parallelogram 
GHIK. To find the area HI=BF+ DE, therefore 
x HIXAC(=KI=GH)= area of the trapezium. 
Which was to be 'proved. 2 


* 0 A ” 2 * 


— 


$ VIII. CflxzwtGULAR FIG us. 


RREGULAR figures are all ſich as have more 
ſides than four, and the ſides and angles unequal, 

All ſuch figures may be divided into as many tri- 
angles as there are ſides, wanting two. To find the 
area of ſuch figures, they mult be divided into tra- 
peziums and triangles, by lines drawn from one 
angle to another, and ſo find the areas, of the tra- 
peziums and triangles ſeverally, and then add all the 
areas together, ſo will you have the area of the whole 


figure. 


Let ABC DEFG be an irregular figure given to 
be meaſured ; firſt, draw the lines AC and GD, 
and thereby divide the given figure into two trape- 
ziums, ACGD and GDEF and the triangle ABC; 
of all which 1 find the areas ſeverally. . . 


Firſt, I multiply the baſe AC by half the perpen- 
diculat, and the product is 49.6, the area of the 
triangle ABC. | 


Then, 
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Then, for the trapezium, ACGD, the two per- 
pendiculars 11 and 6.6 added together make 17.6 
the half thereof is 8.8 which multiplied by 29, the 
diagonal, the product is 255.2 the area of that tra- 
pezium. | ; 

And for the trapezium GDEF, the two perpen- 
diculars, 11.2 and 6, added together make 17.2 the 
half thereof is 8.6, which multiplied by 30.5 the dia- 
gonal, the product is 262.3 the area thereof. All 
theſe areas added together make 567.1, and ſo much 
is the area of the whole irregular figure. | 


See the work. 


24-8. Baſe AC. 117 


2 half perpendic. 6.6 Perpendiculars. 


— ä — 


49-6 Area of ABC 17.6 Sum. 


8.8 Half, 
29 diag. CG. 


— — 


792 
176 


—_— 


255.2 Area of ACGD. 


11.2 
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11.2 a 5 
6. | Perpendiculars, 2 


— 


77.2 Sum. 1830 
$.6 Half ſum. 2440 


262.30 Area of GDEF, 
255-2 Area of ACG, 
49.6 Area of ABC. 


* 
— - — 


567.1 Sum of the areas. 


The figure being compoſed of triangles and tra- 
peziums, and thoſe figures being ſufficiently demon- 
Rrated in the fifth and ſixth {c&ions, aforegoing, it 
will be needleſs to'mention any thing of the demon- 
ſtration thereof in this place. 


* 


— 


— — ont 


§ VIII. Of Regular Polygons. 


11 polygons are all ſuch figures as 
have more than four ſides, all the ſides and an- 

les thereof being equal polygons, are denominated 
m the number of their fides and angles. 


P'S Pentagon 

| 6 Hexagon 

7 Heptag. 

If the figure 8 Equal files and angle: Octagon 
conſiſts of & 9 it is called a regular ) Enneag. 
| 10 Decagon 

11 Endecag. 

18 { Dodecag. 


To find the area or ſuperficial content of any re- 
gular polygon, this is 


The 


1 | . 
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| The R U E. 


Multiply the whole perimeter, or ſum of the ſides, 
by half the perpendieular, let fall from the center to 
the middle of one of the ſides ; or multiply the half 
perimeter by the whole perpendicular, and the pro- 
duct is the area. ON 


43-8 Half ſum of the ſides. 


12.64 The perpend. 
43.8 Half ſum, 6p 
10112 — — ; 
3792 87.6 Sum of the ſlides, 
5056 6.32 Perpend. 
.632 Area 1752 
— 2628 
| 5256 
553-632 Area. 
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Let HIKLMN be a regular hexagon, each ſide 
thereof being 14-6; the ſum of all the fides is $9.6, 
the half ſum thereof is 43.8, which multiplied by 
the perpendicular G'S 12.64, the product is 553.632: 
Or if 87.6, the whole ſum of the fides, be multiplied 
by half theperpendicularG. z2, the product is 353.6325 
the ſame as before; which is the area of the given 
hexagon. „ VN cate.” 

By Scale and Compaſſes. 


Extend the compaſſes from 1 to 12.6, that extent 
will reach from 43.8, the ſame way to 553.63: Or 
extend from 2 to 12.6, that extent will reach from 
$7.6 to 553.63. 

DEMONSTRATION. 
Every regular polygon is equal to the parallelo- 
gram, or long ſquare whoſe length is equal to half 
the ſum of the ſides, and breadth equal to the per- 
pendicular of the polygon as appears by the foregoing 
figure; for the hexagon HIKLMN is made up of 
fix equilateral triangles : And the parallel 
OPQR is alſo compoſed of fix equal and equilateral 


triangles, that is, five whole ones, and two half ones ; 
therefore the parallelogram is equal to the hexagon, 


A TanLt for the more ready finding the area of a 
' - "PoLYGON. 8 


: ;" 


tes Names. | Multi pier. 


1 


_ 


Trigon 433013 
Tetragon 1. ooo 
Pentagon 1.720477 
Hexagon 2.596076 
. [Heptagon 363393 
Octagon | 4.828424 
Enneagon | 6.181821 | 
Decagon | 7694205 
Endecagon 9.365653 


. 


] 


8 = 5© ww omeaw 


Multi- 


7 


* 
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Multiply ehe ſquare of the fide by the tabular num- 
ber: and the product is the area of the polygon. 


"How to fnd theſe tabular aun nn. 


Theſe numbers are 

found by trigonometry, 
thus: find the angle at 
the center of the polygon 
by dividing 360 degrees 
by the number of fades of 
the polygon. 

Example. Suppoſe each 
fide of the dodecagon an- 
nexed be 1, and the area 
be required. 


Divide, 360 by 12, (the number of fides) the 
quotient is 30 degrees for the angle ABC; the 
half thereof is 15, the angle DCB, whoſe comple- 
ment to 90 degrees is 75 degrees, the angle CBD : 
Then fay, | 


As s. DCB 15 degrees, — C. Ar. 0.583004 
To $» the half fide DB Log.—-1.698970 


So is s. CBD 75 degrees - - - - 9.984944 
To the perpendicular CD 14866025 2.270918 


Then 1.866025 multiplied by .5 (the half fide) 
the product is. 93301 25, the area of the triangle 
ACB, which 5 multiplied by 12, the number of 
ſides in the dodecagon, -produtees 11. 196150 * the 
area of the dodecagon required whoſe fide is = 1. 


* In ſome of the former editions, there was a great 
error ſuffered to paſs here. f 


$ 1X. 
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8 9. Of a CIRCLE. 


CIRCLE is a plain figure, contained under 
one line, which is called a circumference, unto 
which'all lines, drawn from a point in the middle or 
the figure, called the centre, and falling upon the 
cireumference thereof, are all equal the one to the 
other. The circle contains more ſpace than any 
plain figure of equal compaſs. | 
Problem 1. Having a diameter and circumfe- 
rencey to find the area. 


The RULE. 


Every circle is equal to a parallelogram, whoſe 
length is equal to half the circumference, and the 
breadth equal to half the diameter; therefore mul- 
tiply half 5 circumference by half the diameter, 
and the product is the area of the circle. - 


35.5 Half circumference. 71 
11.2 Half demeter. 44 — 


r, e e 
45 rats... af Wo 
9361 55:1 1 
o N A 


401.15 Aren 


Thus, if the diameter 

of a circle (that 1 18, the 
line drawn croſs the circle 
through the center)be'22.6,and if the circumference 
be 71, the half of 71 is 35.5, and the half 22. G is 
11.3 which multiplied together, the Pops © is 
401. 15. which is e area of the circle; ; 


* DEMON. 
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DEMONSTRATION. 


Every circle may be eonteĩved to be a og of 
an infinite number of fides and the ſemidiameter 
muſt be equal to the perpendicular of ſuch a polygon, 
and the circumference of the circle to the pe- 
riphery of the polygon ; therefore half the gircum- 
ference multiphed by half the diameter, gives the 
area, as aforeſaid. 

Or, (with F. /gnat. Gaflon. Parades) «Every 
circle is equal to a rectangled · triangle, one of whoſe 
** legs is the radius, and & other a right line equal 
te to the circumference of the circle ; for ſuch a tri- 
* angle will be greater than any polygon inſcribed, 
and leſs than uny polygon'circumfcribed, (by the 
„ th, 2 — and 25th articles of the fourth 
i dook of his elenbents of geometry) and thereſenc 
6 muſt be equal to the circle. 

«For ( ſays he ſhould ĩt be getan, the circle, 
be the exceſs as little as it will, a polygon Har 
e be circumſcribed, whoſe difference from 
* ſhall be yet leſs than the difference between _= 
od 12 and the rectangled · triangle; and that that 
dete leſs than the triangle is ahſurd; 

it be ſaid that this — tris is leſs 


a5 cg circle, an inſcribed lygon may be made 
— ſhall be greater i ts lng rn 
impoſſible. 

« This cannot . as a pri 
10 A. —— goal 3 Pk fc 
that if every imagina ＋ quantity ch is 
* or leſs than A, is alſo {s than rele 
tro quantities A and | 


And this prigci — 4 —— » Which is in a 
* manger 3 it T wire be roved, 
« that the triangle (before mentioned) is equal to the 
« circle ; becauſe every imaginable inſcribed — 
„ which is leſs than the circle, is alſo leſs than the 
„triangle; and every circumſcribed figure greater 


thun the circle, 2 


Problem 
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Problem 2 Has iog the diameter of a circle, to find 
the circurnference. 
As 7 to 225 ſo is the diameter to the circumference, 
Or, as 113 to 355, ſo is the diameter to the cir- 
cungference. 


Or a8 1 to 3.141393, fo is the diameter to the 
circumference. 
., Los diameter (as in the former circle) be 22. & 


by 22, and the product is 497.23 
— 25 2 0 d ad ro ,028 for the circumfer- 


5 if 2 if 2 75 


SE quotient is. 7x, Ke ok 1 
ence, 


tf the pag if 22:6 be mul. 


be product is 71 e 
rhick two lafl prop, c 


452. 
7 497-2(71.088 


141593 
I 22,6 


Brtench che Conipilites fiom 7 to 22, or em 


ws to 3-141 59; thatextent 
from to 7 
on K The 


3 
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The proportion of the diameter of a circle, to the 
circumference, was never yet exactly found, not- 
withſtanding many eminent learned men have la- 
boured very far therein; amongſt which the excellent 
Van Culen hath hitherto outdone all, in his having 
calculated the ſaid proportion to 36 places of deci- 
mals, which are eagraven upon his tomb-ſtone in 
St. Peter's Church i in Leyden ; which numbers are 
theſe, ha® 

. Diameter, 
1.0C000,CC000, CCCC0.00000,00000, 00000, ©00co 


" I'N Circumference: - 
; 14159-265 35-897 93-23846,2643 Gg gend 

Of which large number theſe fix places, 3.14159, 
anſwering to the diameter 1. See! may be fo i- 
ent; of the three proportions, as 7 to 22.113 to 35 
and 1 to 3.14159. I ſhall leave my reader to 
which of them he pleaſes, but ſhall cd the laſt 
two as moſt exact, though the firſt be moſt in uſe; but 
in the following work I ſhall ſometimes uſe one of 
them, and ſometimes another, but for the moſt part 
that of Yan Culen, as being moſt exact | 

Problem 3. Having the circumference of acircle to 
find the diameter, 

As 1 is to .318309, ſo is the circumference to 
the diameter, 

Or, as 355 to 11 3, ſo is the circumference to "_ 
diameter. 

Or, as 22 to 7; ſo is the circumference to the 
diameter. 

Let the cireumference be 71, (as in the former 
circle) if. 3r8309 be multiplied by 71 (as by the firſt 
proportion) the product will be 22.599939 for the 
diameter. Or, by the ſecond proportion, 115 multi- 
plied by 71, the product is 8023 ; which divided by 
355, the quotient will be 22.6 the diameter. Or, 
by the third proportion, 71 multiplied by 7, the 
product is 497; this Aa 20 mY . is 


22. 5909» the diameter, | „ 
| te 


1050 $7 


44 
923 130 
7 ne, IQ 
2130 200 
2130 198 
2 
Thus, by both 1222 the diameter 
„e ſomething ſhort. 
By Scale and Compaſſes. 
Extend the cempaſſes from 3. 14159 to 1, that 
extent will reach from 71 to 22.6, e the 
ameter ſought. 
Or you may extend from 1 to 318309. | 
Orton from 22 to 7. 
* a 1133 the ſame will reach from 71 


_ NOTE, That if the cireumferetice be f, the di- 
ameter will be. 31830 


Problem 4. Haring the n of crc, n 
the area. | 


9 
are t ian 


2 
diameter 2 
will | 
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will be 785.398, according to Yan Culen's propor- 


tion, before mentioned; hut for practice 78 54 will 
be ſufficient ; therefore, i, 


e 1 (the Rene of the diameter 1) is to Hu 
ſo is 510.76 (the ſquare of 22.6, the diameter of 


the given circle) to 401.5 1, (the area of the given 
circle) But, 


According to Metius's Proportion; 
As 452: 355 :: 510. 76: 401,15, the ſame as before. 
But, if you uſe Archimedes's Proportion. 


As 14: 11 :: 510.76: 401.31; which area is 
reater than by the two former proportions ; though 
in ſmall circles this is near enough the truth. 


See the working of all theſe. 


22.6 Diameter of the former _ 
22.6 
1356 
452 
452 
y M e 


510.76 The ſquare of the ſaid danse, 


A1: 7854 :: 510.76 * 
7 0-3 7854 


204304 
285380 
408608 


| 7532 | | 
3 401.150 904 The area. © 


By 
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2 Dy 


8 B Scale and Dopa 


Ihe extent from 1 tö 22.6, being twice turned 


over from e wil _ the af =__ 401-15 the 
rea. 


Uh "As 452 : 355 ” Boy — 
452, - > ee 


255380 
153228 


1 


— — — — (— 


452) 181319.80(401.15 
$42." ; * 1805 


519 
452 
678 
452 
2260 
2260 
; \ & = hl 
As 14 : 11 1 2 $10. 76 
a „ e ab 11 : 
149 561896 (401.31 
36 
18 
i4 
-49- 
_ 42 
_. 
b 14 
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Problem 5. Having the circumference of a circle, 
to find the aren. | 

Becauſe the diameters of circles are proportional 
to the circumference ; that is, as the dian of one 


circle is to its circumference, fo is the diameter of 
another circle to its circumference. Therefore the 
areas oF circles are to one another as the ſquares of 
the circumferences. And if the circumference of 
a circle be 1, the area of that circle will be .07958 ; 
then the ſquare of 1 is 1, and the ſquare of 91 he 
circumference of the former circle) is 5041. There- 
fore it will be, 


As 1 : .07958 :: 5041 
3041 
7958 
22 31832 
397900 


88 401.1628 Ares 


- On Tuvs: 
4 86: 7: : 5041 Area. 
7 


1003528 700.95 Area. 
I. 


Or, As 1420 : 114: ; $041 ; 403g. 
Problem 
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- Problem! 6. By having the didmeter, to find the 
fide of a ſquare that is equal in area to that circle. 


If the diameter of a cirble be 1, the fide of a 
ſquare equal thereumo will be .8862 : therefore, 


As t : : .8862 : : 22.6 (the diameter.) 
22.6 12 8 


53172 
17724 
17724 


To 20.02812 The fide of the ſquare AC 


2 l #+ 


Let the diameter of the circle EF or GH be 22.6 
(as before) to find the ſide of the ſquare C, AD, 
&c. If. 8862 be multiplied by 22.6, the product is 
20.028 12, which is the ſide of a ſquare, equal in 
area to the circle given; for if 20.028 12 be multi- 
plied ſquare wiſe, that is, by itſelf, it will produce 
ah 255907 344, which is neartyEqual to the area 
in the laſt Problem. 


. 


. 


You. 


> 
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You may find the fide of the ſquare equal, by ex- 
trating the ſquare root out of the area. of the. gives 
| circle. , S © 0 

| * 15 (206887295 Side of the ſquare 


A 
8004 


40048) 349600 | 
+» . 349600 


N. B. We the ſquare 
root of the you may find the fide of a ſquare 


— nies regular or irregular. 
Problem 7. By having the circumference, to find 
the fide of the ſquare equal. 
If the circumference of a circle be 1, the fide of 


ill be 2821. Therefore, 
wr uo i 71 (the.circumference) 


© Ig — 
— — << wh 7 — 
— — * me" os * 
5 — 
. 


— — 


— 
r 5 
a 
* — 
*. 


ů 


— — _ 


100292 The fide of the fue. 
was. * Problem 


[ 
U 
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Problem 8. Having the diameter to find the fide 
of a ſquare which may be inſcribed in that eirele. 
Tf the diameter of a circle be 1, the fide of the 
ſquare inſcribed will be .70731. Therefore, 


Ag 1: 70% : 2 22.6 
22.6 


42426 
14142 
14144 


To 15. 98046 the fide EG inſcribed. 

Or, if you amy the ſemidiameter, and double 
that 1 the ſ. — root of the doubled ſquare 
will be the ſide o ſquare inſcribed. For (by 
jog 1. 47) the'f — of — EG is 
to the fam of the other two lege, EO and 


727.69 The ſquare of EO, which'doible, be 


255-38 (15-98 Root, which is tue fide of the ſq 
1 * 


25)155 
125 


309)z038 
2781 


4a88)25700 
25504 


196 
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Problem 9. Having the circumference, to find the 
fide of a ſquate which may be inſcribed. 


If the clicainfitetice be 1, the fide of the ſquare 
inſcribed will be .2251. Therefore, 


A 3 861 : 78 


159843 The ade of the ſquare EG. 


Donut: that in each of the four laſt Problems, viz. 
the 6th, 7th, 8th and gth, there is a proportion 
laid down, it will be eaſy to work them with ſcale 
and compaſſes, for if you extend the compaſſes from 
the firſt to the ſecond, that extent will reach from 
the third to the fourth. As in the laſt problem where 
the proportion is as 1 to 2251, ſo is 71 tothe fide of 
the ſquare 15.9821. Here extend the compaſſes from 
1 to 2251 ; that extent will reach from 71 to 15.98 ; 
and ſo of the reſt. But the fifth muſt be wrought 
like the fourth, thus; extend the compaſſes from 1 
to 71, that extent turned over the ſame way from 
07958, will fall at laſt upon 401.15 


Problem 10. Having the area, to find the diame- 
ter. 


If the area of a circle be 1, the ſquare of the 
diameter thereof is 1.27 32. Therefore, 


Chap. 1. kette 77 desert. 109 
Area. Sq. Diam. Area. 

As: 1.2732::401. 15 $16:744180(25. 599 n. 
in 4 


— — 


63560 42( 116 | 
12732 84 
50928 44502674 
— — 2225 
5 10.744180 — 
4509(44941 

40581 ' 
451890436080 
Þ 406701 


29579 
By Scale and Compaſſes. 

Extend the compaſſes from 1 to 1.2732 ; that extent 
will reach from 401. 15 to 510.74, Oe. Then dividethe 
ſpace between 1 and 510.74 into 2 equal parts, and 
you'll find the middle point at 22.6. Or you may di- 
vide the ſpace upon the line of numbers, between 
401.55 and. 7854, into 2 equal parts, and one of thoſe 
parts will reach from 1 to 22.6, the diameter ſought. 

Problem 11,” Having the area, to find the cir- 
cumference. - 

If the area of a circle be 1, the ſquare of the cir- 
cumference will be 12.56637. Therefore, | 
Ar. 8q. Cireum. Area. .. .* . Circunf, 


A812 12, 1 40115 5040-99932550(70-99997t- 


8.15 49 
6283185 1409) 1 14099 
1256637 12681 
1256537 | 
50265480 14189)141893 
127701 
540.9993250 N 
, 141989)1419225 | — 
1277901 
1419939) 14132450 


12770901 


»Þ 242, 
* 
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By Scale and Compaſſes. 


Divide the ſpace between 401. 15 and o. 7958, upon 
the line, into two equal parts; one of thoſe parts wi 
reach from 1 to 71, the circumference ſought. 

Problem 12. Having the area, to find the fide of 
a ſquare inſcribed. k 

If the area of a circle be 1, the area of a ſquare 
inſcribed within that circle will be. 6366. Therefore, 

As 1 $401.15 : 0300 

6366 
240090 
240690 
120345 
240690 


3 * 


255. 372090015. 98 root, which 1s the ſide of the 

I | [ſquare ſought. 

— The ſame reaſon may be given for the 

25155 laſt proportion that was given before for 

125 the proportion of circles to the ſquares 

— of their diameters and circumferences; 

309) 3037 for not only the ſquares of the diameters 

x 2781 and circumferences are in proportion to 

- the circles they belong to, but alſo all 

138 ) 25620 figures inſcribed or circumſcribed have 

25504 the ſquares of their like ſides proporti- 

—— onal to the circles they are inſcribed in, 

1 1099 or circumſcribed about, and alſo to the 

figures themſelves: The, ſquare of any fide of one 

_ is to the area of that figure, as the ſquare of the 

like fide of another ſimilar figure is to the area thereof, 

as you may find proved at large in Euclid, Sturmius's 

Mat heſis Enucleata, and other authors, but will be too 
large to inſert in this place. 

By Scale and Compaſſes, 

Extend the eompaſſes from 1 to 401. 15, that extent 
will reach from. 6366 to 2554371; the half ſpace be- 
tween that and 1 is at 15.98, the fide of the ſquare. 

Problem 


— 


4 
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Problem 13. Having the ſide of a ſquare, to find 
the diameter of the circumſcribing cirele. 

If the fide of a ſquare be i, the diameter of a cir- 
ale that will circumſcribe that ſquare will be 14142. 
Therefore, 

As 1: 1.4142 :: 15.98 
15.98 
113136 
127278 
70710 
14142 


22.598916 The diameter ſought. 


By Scale and Compaſſes. 


Extend the com from 1 to 1.4142, and that 
extend will reach from 15.98 to 22.6, the diameter 
ſought. | | | 

Problem 14. Having the fide of a ſquare, to find 
the mms inkenies 

If the fide of a ſquare be 1, the diameter of a 
cirele equal thereunto will be 1.128, Therefore, 


Side Diam. Side of a ſquare. 
Ax 1 : 1.3284: ; 20.0201 
1.129 


bl 


1602328 
400582 
200291 

200251 


22. 5926248 Diameter. 
y Scale and Compaſſes 


Extend the compaſſes from 1 10 1.128 ; that extent 
will reach from 20.0291 (the fide of the * given) 
to 22.6, the diameter of the circle ſoug t, 

L. 2 Problem 
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Problem 15. Having the ſide of a ſquare, to find 


the circumference of the circumſcribing circle. 

If the fide of a ſquare be 1, the circumference of a 
eircle that will encompaſs that ſquare will be 4:443* 
Therefore, 


Side Sq. Circum. Side Sq. 
As 1 : 4.443: : 15.98 
15.98 


35544 
39987 
22215 


4443 


70.99914 the circum. 
By Scale and Compaſſes. 


Extend the compaſſes from 1 t0 4.448, that extent 
will reach from 15.98 to 71, the circumference, 

Problem 16. Having the ſide of a ſquare, to find 
the circumference of a circle that will be equal 
thereunto. 

If che ſide of the ſquare be 1, the circumference 
: 5 circle that will be equal thereunto ſhall be 3. 545, 

en, 


As 1.: 3.845 :: 20.0291 
3-545 


71.0031 595 "The ci cireum. 
By Scale and Compaſſes. 
Extend the compaſſes from 1 to 3-545 that extent 


will reach from 20. 291 to 71, the circumference 
ſought. ER 
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In ſeveral of the foregoing problems, where the 


diameter and circumference is 1equired, the anſwers 
are not exactly the ſame as the diameter and circum- 
ference of the given circle, but are ſometimes too- 
much and ſometimes too little, as in the two laſt 
problems, where the anſwers in each ſhould be 71, 
the one being too much, and the other too little. 
The reaſon of this is, ths ſmall defe& that happens 
to be in the decimal fractions, they being ſometimes 
too great and ſometimes too little; yet the defect is 


ſo ſmall, that it is needleſs to calculate them to more 
exactueſs. 


_ Y 
— 


C XN, Of a SEMICIRCLE. 
= find the area of a ſemicircle, this is 


The R U L E. 


Multiply the fourth part of the circumference of 
the whole circle (that is, half the arch line) by the 
ſemidiameter, the product is the area. 

Let ABC be a ſemicircle C 
whoſe diameter is 22.6, and 

the half circumference, or 
arch - line AC B, is 35.5, the * 
half thereof is 17.75, which L N 
multiply by the ſemidiame- Dame 22.6 
ter 11. 3, and the product is D 1 
200.575, the area of the | 
icircle.. 


37.75 The balf arch-line.. 
11.3 The ſemidiameter. 
* 5325 
1775 
1775 
— wm__m__—_—_ f 
200.575 The area of the ſemi circle. 
| L. 3: By 
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By Scale and Compaſſes. 
Extend the compaſſes from 1 to 11.3 ; that extent 
will reach from 17,75 to 200.575, the area. 


lf only the diameter of the ſemicircle be given, you 
may ſay by the rule of three. 


As 1 1s to. 3927, ſo is the ſquare of the diameter 
to the area. | 


By Scale and Compaſſes. 


Extend the compaſſes from i to the diameter 2 2.6; 
that extent turned twice from .3927, will reach at 
the laſt to 260.575. 


_ 4 a * %. - 
r = . 
* 
— 
— ? — 


&S -» 


v 
y - 
24 yt — — 
= 


T , 1 
= * 
— - 

— — F4 — —— « 


— — 


§ XI, fa QUADRANT. 
# 5 O find the area of a quadrant, or fourth part 


of a circle, this is 


a 
— — 


The RULE. 


Multiply half the arch-line of the quadrant, {that 
is, the eighth part of the circumference of the whole 
circle) by the ſemidiameter, and the product is the 
area of the quadrant. 


Let ABC be a quadrant, or fourth part of a circle, 

B whoſe radius, or ſemidiameter is 11.3, 

| and the half arch-line 8.875 ; theſe 
multiplied together, the product is 
100.2875 for the area. MS 


+ 

J 
N is 
8 


— 
2 


2 a * 
> 
—_— 
- — 
— — — 


Theſe are the rules and ways com- 
I monly given for finding the area of a 
A 11.3 C ſemicircle and quadrant; but, I 

think, it 18 a-good way to find the 
| area of the whole circle, and then 
take half that area for the ſemicircle, and fourth 
part for the quadrant. _ 7s 
Before I proceed to ſhew how to find the area of 
the ſector, and ſegment of a circle, I ſhall ſhew how 
to find the ow. 1 of the arch; line both 3 
and arithmetically. | | 0 


- 
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To find the length of the arch. line geometrically. 


Divide the chord - 7 
line AB into four 
equal parts, and ſet . | 
one of theſe parts A Dp dt els 
from B to C, and | 
draw a line from C 
tothree of thoſe parts 


at D; ſo ſhall CD be equal to half the arch-line 
AGB: jt. 


To find the length of the arch-line, arithmetically. 


_. Multiply the chord of half the ſegment AC or CB 
by 8, and from the product ſubtract the chord of the 
whole ſegment AB, and divide the remainder by 3, 
the quotient is the arch-line ACB ſought. 


19.8 A 
* 


158.4 
34-4 AB 


3) 124 


Arch-line 41-333 
Nos =P Another Way. 
From the double chord of half the ſegments arch, 
ſubtract the chord of the ſegment, one third part . 
of the difference added to the double chord of half 


the ſegment's arch, the ſum is the arch-line of the 
whole ſegment, Thus 
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Thus, if AC 19.8 be doubled, it makes 39.6, from 
which if you ſubtract 34.4. the remainder 1s 5. 2, 
which divide by 3, the quotient is 1.733; this added 
to 39.6 (the double chord of the half ſegment) the 
ſum is 41.333. So if the arch-line ACB was ſtretched 
out ſtraight, it would then contain 41.333 ſuch parts 
as the chord AB contains 34 4 of the like parts. 


Theſe two rules may very eaſily be proved out of 
the table of natural fines : thus, 


Suppoſe (in the former figure) the arch ACB te 
contain 120 degrees, the natural fine of half, viz. of 
60 degrees is 86602, which being doubled is 173204, 
which is the chord of the whole 120 deg. that is AB. 
Then, to find the chord of the half arch, viz. AC 6s 
degrees, the half of it 30 deg. the natural fine thereof 
is 50000, which doubled make 100000; for the 
chord AC; then according to the firſt rule, multipl 
1coooo by 8, the product is 80000; from which 
ſubtract 173204 (the chord AB) and the remainder 


is 626796 which divide by 3, the quotient is 208932, 


which is the length of the arch-lme ABC, according. 
to the firſt ral. Now let us examine how near this 
comes to the true quantity of the arcl: propoſed : If 
the radius or ſemidiameter of a circle be 100000 (as 
it 1s in the table of fines) then the circumference will 
be 628318 ; and becauſe, 120 degrees is the third 

art of the circle, take the third part of 628318 ; and' 
* 120 degrees is the third part of the circle, 
take the third part of 628318, which is 2094.39 the 
true quantity of the arch ACB in ſuch parts as the 
ſemidiameter contains 100000, and differs from that 
before found 507, which is a thing inconſiderable in 
Practical Menſuration. The latter of the foregoing 
rules gives the quantity of the arch-line too httle ; 
and the greater the arch the greater the error. If you 
know the degrees that are contained in the ſegment's 
arch, and would have the arch-line very exactly, you 
may reaſon thus by the rule of three ; 


As the circle's periphery iu. degrees: is to its pe · 
riphery 
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riphery in equal parts: : ſo is the arch in degrees and 
decimal parts: to the ſame arch in equal parts. 


Suppoſe the circumference of a circle be 71, and 
ſuppoſe the arch to contain 52 degrees, 15 minutes, 
{the decimal of 15 minutes is .25 ] then ſay, 


Deg. Parts. Deg. 
Az 360 : 71 : : 52.25 


3600] 75 [10.305 fere. 
109 
108 


175 


So the 52 Degrees, 1 5 minutes, will contain 
10.305 of ſuchparts as the circumference contains 71. 


Thus have I ſhewn ſeveral ways of finding the 
meaſure of the curve-line of any part of a circle very 


near the truth. The next thing I ſhall ſhew is, 


How to find the diameter of a circle, by having the 
chord and verſed fine of the ſegment, arithmetically. 


Becauſe the chord AB cuts the diameter EC at 
right angles, therefore the ſemichord AD or DB is 
a mean proportional line between the parts of the 
diameter CD and DE, by Euclid 6. 13.) There- 
fore, if you ſquare the ſemichord AD or DB, and 
divide that ſquare by the verſed fine CD, the quo- 
tient will be the part of the diameter wanting; to 
which add the given verſed fine CD, and the ſum is 
the diameter ſought. 


Zramp, 
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1 
361© 


E 
18 Half the chord. 
| HS 
144 
18 


6) 324 The ſquare of AD. 


54 The part wanting DE. 


Example. 

Let ACB be a 
ſegment given, 
whoſe chord AB 
is 36 and the ver- 
ſed fine CDG; 
half 36 18 18, 
which ſquared, 
makes 324 ; this 
divided by 6, the 
quotient is 543 
to which add 6, 
the ſum is 60, the 
diameter of- the 


circle CE. 


6 The verſed fine CD add. 


60 The diameter CE. 


$ XII. Of 4 Sector f a CIRCLE. 


Sector of a circle is comprehended under twe 
radii, or ſemidiameters, which are ſuppoſed 


not to make one right line, and a pait of the cir- 
cumference ; whence a ſector may be either leſs or 
reater than a ſemicircle. To find the area or ſuper- 


cial content thereof, this is 


* 


F 


The 


"Ad Gay 8 
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The RULE. h 


Multiply half the arch-line by the ſemidiameter, 
and the product is the area, 

Let ADBC be the ſector of a circle given, whoſe 
ſemidiameter AD or BD is 24.5, and the arch-line 
ACB (by the firſt rule, Page 1 55 I find to be 45.6 
the half thereof, 22.8, being multiplied by 24.5 (the 
ſemidiameter) the Product is 558.6, which is the area 
ef the ſector ACBD. | 


22 22.8 Half Arch-line 


8 | 24-5 Semidiameter. 
176 1140 
39.2 Subtrahend. 912 
— . 456 
30 136.8 a — — 
45.6 Arch-line. | rare” of 


Again. Let LMNO be a ſector greater than a 
ſemicircle whoſe ſemidiameter LO or NO is 20.6 
and line þ @ equal to a fourth part of the arch · line 
L 4 MN 21, the double whereof is 42, equal to the 
arch line LM or MN, or by the arithmetical rule 
in Sage .115, the ſaid arch is found to be 42-333» 
which multiplied by 20.6, the ſemidiameter makes 
872.0598 for the area of the ſetor LMNO. 
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See the following Wor x. 


ll 20.3 Chord N 42-333 
1 8. | 20.6 
l ol — a — —— 
1h | 162.4 253998 
| 1 35.4 Chord MN 846666 
[1 | 3) 127.0 $72.c598 Area. 


— — Ss 


42.333 Arch: line. 


$ XIII. Of the Segment of a CIRCLE. 


Segment of a circle is a part terminated by a 

right line leſs than the diameter, called a chord 

| and by a part of the circumference. 

* | Io find the area of the ſegment of a circle, you 
14 | muſt firſt find the center of the whole circle, and 
| draw the two ſemidiameters, thereby completing the 
* of ſector, as in the following figure. Then (by the laſt 
we ſection) find the area of the whole ſector CADBC, 
Wy | and then (by ſeR. 5.) find the area of the triangle 
ABC, and ſubtract the area of the triangle out of the 
area of the ſector, the remainder is the area of the 


legment, | Otherwiſe 


AF 


- 
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Otherwiſe you may, without deſcribing the figure, 
find the ſemidiameter of the circle by the arithmeti- 
cal rule, page 118, and by the arithmetical rule, 
page 115, find the arch- line; then multiply half the 


arch · line by the ſemidiameter, ſo have you the area . 
of the ſector. Then ſubtract the verſed fide from 
the ſemidiameter, the remainder is the perpendicu- 
lar of the triangle; and — the half chord by 
the perpendicular, the product is the area of the 
triangle. Then ſubtract the area of the triangle 
from the area of the ſector, and the remainder is 
the area of the ſegment. See the Wong. 
2) 35 = AB. 
17.5 
17-5 
855 
1225 
175 
96) 306-25" (31.9 
— — — 9 DS 
182 — | 
865 41.5 The diameter of the circle. 4 
IP. 6 - ET} * 2 
1 20.75 The ſemidiameter. 
9.6 DE Subtrahend. 
” big Remains the perpendie. EC. 
88 11.45 
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11.15 The perpendicular EC. 
17.5 3 


5575 
7805 
1115 


195.125 The area of the triangle. - 
306.25 The ſquare of AE. 
92.16 The ſquare of DE, the verſed fine. 


398.41 Sum. 
= The ſquare root thereof is 19.56 the chord AD. 
; 8 


* ' - 


* 159-68 
*- Subt. 35 the chord AB, 


3) 124-68 


2) 41.56 the arch. line. 


20.78 Half. 
20.75 Semidiametey, 


10:90 
14546 
a 4156 
From 431.1550 Area of the ſec- 
f tor, 
Subtract 195.125 Area of the tui. 


Remains 236.060 Area of the ſeg. 
Again, Let MACBM be a ſegment greater than a 


e ; obſerve the fomer rules in all reſpects, 
as in the laſt Example, only inſtead of ſubtracting the 
area of the triangle out of the area of the ſector, 
here you muſt add it thereunto as may piain'y appear 

_ 'by the following figure. 


11.8 
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11.5 
8 
92.0 
20 
3)72 
24 Half arch -· line. 
A 11.64 Side. 
„ 24 
11.64 4656 
—— | 2328 
5.53 LM — — 


— Area of the ſecor LACBL 279,36 
10.25 Half the baſe MA. 
5.33 The perpendicular LM. 


3075 
$173 
5125 


56.6825 The araa of the triangle ALM. 
279.36 The area of the ſector add. 


336.0425 The area of the ſegment fought. 


6. XIV. Of COMPOUND FIGURES. 


Ml or compound figures, are ſuch as are 
compoſed of rectilineal and curvilineal figures 

together. | 
To find the area of ſuch mixed figures you muſt 
find the area of the ſeveral figures, of which the 
whole compound figure is compoſed, and add all the 
areas together, and the ſum will be the area of the 
whole compound figure. 
| Bow. 1G. 2 


— —— 
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| 2 add. 


547. e 
10. 236 Halt the arch lige Aa. [ trapezitim 


14.83 Semidiameter of the arch AaB. 


307c8 ; 42 
81888 2 


40944 
10236 


151.79988 Area of the ſeQor. 


From 14.83 Semidiameter. 
Subtract 3.4 Verſed fine, 


Rem. 11.43 Perpend. of the triangle, 
9.45 Half the chord AB. 


575 
457 
10487 


65 The area of the triangle fubtra 
151-7999 From the Born, og ve 


43-7864 The ares of the ſegment ABA. 


a 12.19 
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12.19 Half the areh · line C- D. 
20.64 Semidiameter. 
4876 
7314 | 
24380 — We 16 * 


251.6016 The area of the ſeQor, 


From 20.64 The ſemidiameter. 
Subtract 3.5 Verſed fine. 


Remiaind. 19.14 Perpendic. of the triangle 
11.5 Half the chord DC. 


o 8570 y 
1714 
1714 


Subtr. 197.110 Area of the triangle 
From 254.602 The area of the ſector. 


Rem. 54-492 The area of the ſegment cee 
| 43-786 The area of the ſegment AaBA. 
547-4 The area of the trapezium. 


Sum 645.678 The area of the whole. 


— " * 


K 


5. XV. Of an ELLIPSIS, 


XN ELLIPSIS, or OVAL, is a figure 
bounded by à regular curve line, returnin 

into itſelf ; but of its two diameters, cuttin —1 

other in the center, one is longer than the ll, in 

which it differs from the circle. To find the area 
thereof, this is en 0 


A; 


The 


. 8 „„ M3 
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The RULE. * 


Multiply che tranſverſe diameter by the capjugate, 
and multiply that product by. 7854, tia la produc 


is the atea of the ov 


D bas 


6: 6 Tranſverſe diam. If you cireumfer 
444 Conjugate diam. any Hg, with" 


2735-04 The reangle. 
+7854 Arca of unity. 


TT 


| 1094015 3 
1362520 


2188032 50 * "=P 
1914938 = | 


then it will 


ter vf the circle is 
Ns the conjugate 
1 Pas of the Els. 

: i fo is BaB any 


circle,” and ſuppoſe 
an infinite number 


of chord hnes drawn 
therein, all} 


to the con 

ameter, as 2 e in 

the followin n 
ADA the dianje- 


2148.100416 Area of - oral. chord in the cirele, 


þ . 
= 


: to bab, its refpec- 
tive * in the 


* For z 
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For rde to the p — at of the gircle, 


” br ＋ — of the Ell 
df y the prope 9 
443TC : nd: SIN 
Dre: NC: 0: Dl. 
; 2NC :: 
Na: 78 — * 
57 conſtitate, the area bf the circle. Aud the 

ſum of the like ſeries of their reſpective ordinates, | 

Therefore, As T8 

to Na:: circle 'sarea 


| TC { NE24 Do": 5 — 
- ALES ane 
as bab, do conflitute the ares ofthe iy . 
: to the FER 


8 Ellighs Arca. * * 
onlequently, As 1 
20. 7854 lathe | 
rectangle or 

of the tranſverſe and 


RE me 


A EEC it, 36 15 5 that the qua 


erſe and co 
1 La of a 8 


will be t 


Wes + allo the gents ofa 5 
— nfm: whoſe baſes are 
—— „ and of * ſa . 


meters, 


Enos he 
proportion one to another, as the 
33> bab : : area ſegment 1 


<4, oo 4. oo 4004 oo og ty ard gt ow 


2 2 ; area E 
are; 2090 
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IT be truth of this 
may be eaſily deduced 
from the laſt; for it 
is already proved, that 
0 TS : TSX Nu 
: eircumſerid 

8s © cle ares wW 


Bu(TSYTS Ne 
2: TGS x Na: U Na 
T Therefore Zlligfr area 
by : inſcribed circle's 

1 area:; TS x Na: 
— [7 Ns. 

r Let a 8 1 and Na= 18.4. 
Then L 825296, DO Na=338.56. 
'Then 1296 . 7854 2 101.8784 great circle's area 
And 338.56 „ 7854265. 905, &c. leſſer cireleꝰs area 
And 36 x 18.4=662.4 x. 7854 = 520. 3 

1s the area of the BH; then it w 


As 101}. 8781520. 248965: 520. 24896:265. 905024. 


That is, as the circle's area ; is to the area 
of the Elk 22 is the ares of the Blkgſ to the 
area of the ber circle. 3 


From hence it follows, that all ſegments of an 
and its inſcribed circle (whoſe baſes are pa- 
to the tranſverſe diameter, and have the ſame 
height) are in proportion one to another, * area 
of the Elligſit and circle are. 

That is, As e area of the circle : is to the area 
of the Ellie : * ſo is the ſegment Nh : to the ieg- 
ment BNB. 


Or, No: TS: : area ſegment þ Na: uren ſegment 
INS. 2 Tu 


5 XVI O PARABOE A. 


* is a curvilincar figure, made 
* y the ſection a conc, being cut Ter 
Parallel to one of its ſides, wy 


_—_ 
— —— ———— we ns 
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„er parabola is two thirds of its cireumſcribin 
parallelogram ; therefore to find —_ — 


this is 
| ' The NU K. 3:34 A” 
- Mukiply'the els or ae, FRO" by the 
perpendicular beight, and multiply that prilol 
2, aud divide the 1 3-the 
be the area of the parade 


A 445 S $23 1 - by r wad * 
' f . ö - 
; 2 * f „„ "= * 6 i 
„ * 


— 


.q che ordinate GH. E 1 Let 
t the perpend EY. FH, the femiordinate, 
— | de divide#thto four 
26875 equal parts, or into 
„„ Beds and thro” the 
r diviſions draw lines, 
16175 as ef, % &e. parallel 
— — "1 to the Kis EF. Sop- 
2109.6875 poſe wo LF to be 4. 
"NETFLOW The I fay, the pa- 
— — " Wabolic ſpace E4BF 
3)4219.3750 is to 1 

— _ _EKIH as 2to | 
-- $406.4583 the area. to the triangle LEA 

23 4 to z. 


For 
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For, firſt, 4 f. . 8 / &c. are in cominual arith- 


Secondly, fe : ge: : geche; but he in the axis 
EF=0, and an the firſt parallel : fit muſt be equal to 
Z, in the next / it muſt be equal to , in the third to 
9 and ſo on, in a duplicate arithmetical progreſſion. 


For as ef (A): tog (=1)::ge (i): toes 
t. And as the ſecond ef (=4): toe g (2): 
o018eg(=2)toeb(=$) 7; And thus it will be 
if the . F, , Ec. be again biſected, c. ad 
infinitum, S0 that all the indivifibles of the trilinear 
ſpace EKHZE will be in a duplicate arſthmetical 
progreſſion enereaſing: but the ſum of a rank of 
ſuch terms is ſubtriple to a rank of as many equal 
to the greatelt (by Lemma 3, wherefore the whole 
trilinear ſpace EK HE is to the parallelogram as 1 
to 3: and conſequently the remaining. parabolick 
ſpace muſt be to it as 2 to 3, which was to be proved. 


And fince the triangle FE HI is to the parallelo- 
gram as 1 to 2, it mult he to the parabdla as 14 to 
2, or 3 fe 4; which was to be prove. 


Before I proceed to the menſuration of ſolid bo- 
dies, I will lay down ſuch Lemmas as will be neceſ- 
fary to facilitate the demonſtration of ſuch ſolids. 


xt 


L. E M M 4 1. 


In any ſeries of equal numbers, (repreſenting 
lines or other quantities) 1, 1, 1, 1, Oc. or 3, 2, 


2, 2, c. or 3, 3, 3, 3, Oc. if one of the terms be 


multiplied into the number of terms, the product 
will be the ſum of all the terms in the ſeries. b 


1. 4 


LEMMA 
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ee . 
If a ſcries of numbers, in arithmetical progreſ. 


ſion, begin with a cipher, and the common differ- 


ence be 1, as ©, 1, 2, 3» ec. 8 a ſeries 
of lines or roots beginning with a point) 1 | the laſt 
term be multiplied into the number of terms, the 
product will be double the ſum of all the ſeries. 


That is putting L the laſt term, N= the oum- 
ber of terms, and Sz the ſum of all the ſeries. 
Then will NL=2 8 ; z conſequently, + NLS viz. 
one half of ſo many times the greateſt term as there 
are the number of terms in the ſeries. - 


Thus EAA ſum g NL. 
ä Te NL. | 


LEMM A III. 


If a ſeries of ſquares, "whole ſides or roots are in 
arithmetical progreſſion, begioning with a cipher, 
Sc. be infinitely continued, the laſt term being mul- 
tiplied into the number of terms, will be triple to 
the ſum of all the ſeries, vis. NLL = 38; or 
3 NLL=S. | 


That is, the ſum of ſuch a ſeries will be one third 
of the laſt, or greateſt term, ſo many times repeated 
as there are numbers of ternis in their ſeries. 


Inſtances i in ſquare numbers. 


nue 


O14 4+ 9716 5 
S 164164 16+ 16416 S437 +o7 


94 
3 


— 
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' From theſe inſtances it is evident, that as the num- 
'$ ber of terms in the ſeries increaſe, the fraction, 
5 or excels above one third dbes decreaſe, the faid ex- 


| | ceſs always being n which if we ſuppoſe the 


— 
, 


1 ſeries to be infinitely continued, will quite vaniſh, 
N | and become nothing at all. 
"LEMMA IV. 

If a ſeries of cubes, whoſe roets are in arithme- 
tical progreſſion, beginning with a cipher, fc. (as 


above) be infinitely continued, the ſum of all the 
ſeries will be one fourth NLL=8S. 


That is, one fourth of the laſt term ſo many 
times repeated as there are numbers of terms, 


Inſtances jn Cube numbers. 
If o, 1, 2, 3, 4, 5, Oc. be the roots of the cubes. 


N : 04+ 1+. 8+27 ” Th . ' 

7 — = = 4= 5 

; n 4 r | 

0+ 1. 8 T2744 zee e wt 
=>, =, = = 

Le a H8=3urb=i=te 
75 Oh 1+ 8+ 27+ 646125 , a2; 47 

125 TI ＋T ISIN IIS TIF 4 

a (rs is. 


From theſe Examples it plainly appears, that as the 


number of terms in the ſeries increaſes, the frac- 
tion or exceſs above one fourth decredſes;-the ex- 


ceſs being always = which, if we ſuppoſe the 


3 


4 N—4, 
ſeries to be infinitely continued, will become infiditely 
ſmall,” br nbi 


LEMM 4 


* * { v * 
8 W's — — 2 — 
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LEMMA v. 


If a ſeries of hiquadrats, whoſe roots are in 
arithmetical eſſion, begining with a cipher, 
Oc. as before, be infinitely continued, the ſum of all 

the terms in ſuch a ſeries will be one fifth NLLLL. 


The truth of this may be manifeſt by the like 
procels, as in the foregoing lemmas, and fo on for 
igher powers, 


LZ MMA VI. 


The ſum of an inſinite progreſſion, whoſe greateſt 
term is a ſquare number, the others decreaſing by 
odd numbers, viz. t, 3, 5, Oc. is in ſubſeſquialtern 
proportion of the ſum of the like number of equal 
terms, that is, as 2 to 3. | 


Inſtances io ſuch progreſlious, 


= (164154124 1 

Teer 

F en., 
25+25þ25+25+25 
36+35þ$2Þ27 +20+11 _,,, _, 27 
36+ 3696436436436 30 EEO 


From theſe examples it plainly appears, that as the 
number of terms iu the ſeries increaſes, the fra ction 
or exceſs above + decreaſes : and if. we ſuppoſe the 
ſeries to be infinitely continued, that exceſs will | 
quite vaniſh, and the ſum of the infinite ſeries will / 
be 3 of ſo many equal, to the greateſt, 


S HNA 
N 
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CHAP. II. 


Menſuration of SOLIDS. 


O LID bodies are ſuch as do conſiſt of length, 
breadth, and thickneſs ; as ſtone, timber, 
globes, bullets, 4 


$ L Of a CUBE. 


CUBE is a ſquare ſolid comprehended under 


fix geometrical ſquares, being in the form of 
a dye. To find the ſolid content, this is 


The R 9 


Multiply the ſide of the calls into itſelf, and that 


product again by the ſide, the laſt product will be 
the * or ſolid content of the Ae. 
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h 17.5 . 
17.5 


875 
Pp 1225 


-175 


306.25 
17-3 


152125 
214375 
30625 


5359.375 Solid content of the cube. 


Suppoſe ABC DEFG a cubical piece of tone or 
wood, each ſide thereof being 17 inches and an half: 
multiply 17.5, by 17.5, and the product is 306.253 
which Ke multiplied by 17.5, the laſt product is 
5359-375, which is 5359 ſolid inches, and 375 parts. 
To reduce the ſolid inches to feet, divide by 1728 
rey no ſo many cybical inches is a foot) and the 
olid feet in the cube will be 3, apd 175 cubical in- 


ches remain. | 
By Scale and Compaſſes, 


Extend the compaſſes from.1 to 17.5, that ex- 
tent turacd over twice from 17.5, will reach to 5359, 
the ſolid content in inches. Then extend the com- 
paſſes” from 1728 to 1, that extent turned the ſame 
way from 5359, will each to 3.1 feet. 


DEMONSTRA TION. 
B e JF the ſquare ABCD be con- 


ceived to be moved down the 
plain ADEF, always remaining 
parallel to itſelf, there will be ge- 
nerated, by ſuch a motion, a ſo- 
lid having fix plains, the two op- 
polite whereof will be equal and 
N 2 parallel 
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parallel to each other; whence it is called a paral- 


lelopipedon, or ſquare priſm, And if the plain, 
ADEF be a ſquare equal to the generating plain 
ABCD, then will the generated ſolid be a cube. 
From hence ſuch ſolids may be conceived to be. con- 
fituted of an infinite ſeries of equal ſquares, each 
equal to the ſquare ABCD; and AE or DF will be 
the number of terms. Therefore if the area of 
ABCD be multiplied into the number of terms, AE 
the product is the ſum of all the ſeries, {per Lemma ) 
and conſequently the ſolidity of the parallelopipedon 
or cube. Or if the baſe A BCD, being divided into 
little ſquare areas, be multiplied into the height 
AE, divided by a like meaſure for length, after this 
way you may conceive as many little cubes to be 
enerated in the whole ſolid, as is the number of the 
ittle areas of the baſe multiplied by the number of 
diviſions the fide AE contains. Thus if the fide 


of the baſe AB be 3, that multiplied into itſelf is 


9, which is the area of the ſquare baſe ABCD; then 
if AE be likewiſe 3, multiply q by 3, and the product 
is 273 and ſo many little cubes will this ſolid be cut 
into, if you conceive it to be cut as the lines direct. 

From this demonitration it is very plain, that if 
you multiply the area of the bale of ony parallet- 
opipedon into its length or height, that product 
will be the ſolid content of ſuch a ſolid. 


— — 


Su. Of a PARALLELOPIPEDON. 
Lin ABCDEFG be a parallelopipedon, or 


ſquare priſm, repreſenting a fquare piece of 
timber or one, each fide of its ſquare baſe ABC D 
being 21 inches, and its length AE 15 feet. 


< Firſt, 


* 7 
N 


„ „ ha 
Chap. 2. Menfuration 7 Sollt;." | 


* 


2 i" C 


Firſt, then, multiply 21 by 21, the product is 441, 
the area of the baſe in ifiches ; which multiplied by 
1 80, the length in inches, and the product is 29380, 
the ſolid content in inches. Divide the laſt product by 
1718, and the quotient is 45.9, that. is 45 ſolid feet, 
and g tenths of a foot. Or thus, multiply 441 by 
15 feet, and the product is 6615 ; divide this by 144, 
and the quotient is 45. 9, the ſame as before. 

Or thus, by multiply wg feet and inches 

Multiply 1 foot g inches, by 1 foot g inches, and the 
product is 3 feet, © inches, 9 parts 5 this multiplied 
again by 15 feet, gives 45 feet, 11 inches, 3 parts; 
that is, 45 feet, and 15 of a foot, and > of . 

See the Work of all theſe, 


21 441 
21 ; 15 
21 2205 : 
42 441 
441 14406615 (45. 
180 — 2 
— 8 % 
35280 1350 
441 Fa. 
. 
1728) 79380045. 9 
6912 i | 
10260 4 \i4 
—— 2 1% 3. 
16200 2 E Wye 0 
15552 | 


648 N 3 
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Scale and Compaſſes. | 
Extend the compaſſes from 12, to 215 and that 
extent will reach to near 46 feet, being twice turn- 
” - wa 15 feet; ſo the ſolid content is almoſt 
46 


' If the baſe of the ſquared ſolid be not an exact 
ſquare, but in form of a redangled m, 
the way of meaſuring it is much the ſame ; for, 
firſt you muſt find the area of the baſe, by multiply- 
ing the breadth by the depth, and then multiply that 
area by the lengt of the piece, as before ; thus, 

If a piece of timber be 25 inches broad, 9 inches 
deep and 25 feet Tong, how many ſolid feet are con- 
tained therein ? | 


25 
09 Be . 
— pt 
225 | 0 9 
25 
— x 6 9 
1125 an 
450 
25 0 © 
144)5625 (39. 12 6 0 
432 1 9 
— o 6 3 
13 
. 32 39 ©. 9 
13 - 09 Anſwer 39 Feet. 
e and Compaſſes. 
Firſ} Find a mean geometrical ional between 
the breagth and the debth; which to do upon the 


line of gbmbers, you muſt divide the ſpace upon the 
line between the breadth and depth, into two equal 
pants ; that middle point will be the mean proportional 

ught ; thus the middle point between 25 and g is at 
15; fois 15 a moan proportional between 9 and 25 


, 
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for, as 9: 15 :: 15: 253 ſoa piece of timber of 15 
inches {quare is equal to a piece 25 inches broad and 
inches deep. So then, if you extend the compaſſes 
rom 12 to 1 5, that extent turned twice over from 25 
feet, the length, will reach to 39 feet, the content. 


* 


§ I. Of a Triangular PRISM. - 
; Priſm is a ſolid contained under ſeveral plains, 
- and having its baſes alike, equal and parallel: 
The ſolid content of a'prifm (whether triangular or 
multangular) is found by 8 the area of 
the baſe into the length or height, and the product 
is the ſolid content, a 


Let ABCDEFhe a trian 


1 il 


TH 
ql gi N 
at oy [ - C - 
1 
Is 


et. 1 f g 0 

Multiply the perpendicular o li i 

the triang. 13.5 1 by half the d 
7.8, and the product is 10 370. | N 
the area of the baſe ; which, mul 
tiply by the length 19.5, and t 
product is 2054-87 1, which di 
vide by 144, and the quotient ll 
14.27 feet, ſere, the Tolid content 


13.51 144)2054-87( 14408 ow 
ro808 614 b WB 
9457 576 20" 4 

105. 378 388 5 Fel 

19.5 323883 ** 

526890 1007 a | * NP roll 
948402 1008 -— _ 
105378 d ee, * * 

2054-87 10 x To SS By 6 4 
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By Scale and Compaſſes. 

Firſt, find a mean proportional between the perpen- 
dicular and half fide, (as before taught) by dividing 
the ſpace upon the line, between 13.5 1 and 5.8, into 
two equal parts; ſo ſhall you find the middle point be- 


tween them to be at 104, which is the mean propor- 
tional ſought : by this means the triangular ſolid is 


| [| brought to aſquare one, each fide being 10. 26 inches. 
1 
| 


Then extend the compaſſes from 12 to 10.26, that 
extent turned twice downwards from 19,5 feet, the 
length, will at laſt fall upon 14.27, which is 14 feet 
and a little above a quarter, 

Let ABCDEFGHIK repreſent a priſm whoſe baſe is 
a hexagon, each fide thereof being 16 inches, and the 
perpengueular, from the centre of the baſe to the mid- 
dle af one of the tides ab is 13.84 inches, and the 
2 of the priſm 1s 15 feet; the ſolid content is 
required. · Multiply balf the ſum. of 

. A tue fides 48 by 13.84, and the 
product is 664.32, the area of 


* 


the hexagonal baſe, (by 9g 8, 
| p- 86) which multiply by 15 
feet, the length, the product 
i 9964.80, which divide by 
144. the quotient will be 69.2 

feet, the ſolid content requir- 


ö ed. 13.84 


„ 
664.32 Area of baſe 
11 
332160 

E. | £9432 
l 144 )9964.80(69.2 
. 864 1 
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By Scale and Compaſſes. ? 

Firſt, find a mean proportional between the per- 
pendiculsr aud half the ſum of the ſides, that is di- 
vide the ſpace between 13.84 and 48, and the middle 
point will be 25.77, then extend the compaſſes from 
12 to 25.77, that extent will reach (being twice 
turned over) from 15 feet, the length, to 69.2 feet, 
the content. 

To find the ſuperficial content of any of the fore. 
mentioned ſolids, you muſt take the girt of the piece 
and multiply by the length, and to 4 product add 
the two areas of the baſes, the ſum will be the whole 
ſuperficial content. Example of the hexagonal priſm 
laſt mentioned: the ſum of the ſides being* 96, and 
the length 16 feet, that is 180 inches, winch multi- 
plied by 96, the product is 17280 ſquare inches, to 
which add twice 664-32, the areas of the two baſes, 
and the ſum is 18608.64, the area of the whole, 
which is 129.22 feet. 


180 
96 144) 18 18608, «64 (149-24 
1080 - iy 
1620 1328 
326 
2 384 
— 7 1 
18608.64 = 
The ſuperficial content of the whole folid 1 18 129.22 
feet. By Scale and Compaſſes. 


Extend the compaſſes from 144 to 180, that ex- 
tent will reach from 96 to 120 feet ; g to find 
the area of the baſe, extend the compalſes m 144 
to 13.84 that extent will reach from 48 to 4.6 feet; 
add 120 feet, and twice 4.5 feet, and it make 129.2 
feet, the ſuperficial conteat, as before. 

The demonſtration of theſe laſt ſolids will be the 
ſame as in the firſt ſection; for as in that, ſo in theſe 
the area of the baſe is multiplied into the length to 
nud the content, and the — reaſon i is given = 


. i 
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$ IV. Of ' a PYRAMID. 


A PYRAMID is a ſolid figure, whoſe baſe is a 

polygon, and whoſe ſides are plain triangles, 
their ſeveral tops meeting together in one point. To 

find the ſolid content thereof, this is . 


A.” 40 F 
The RULE. 


Multiply the area of the 
baſe by a third part of the 
altitude, -or length, and the 
product is the lid content 
got the pyramic. 

Let ABD be a ſquare py- 
ramid, each ſide of the baſe 
being 18.5 inches, and the 
perpendicular height CD is 
15 feet: Multiply 18.5 by 
18.5, and the product is 
342.25, the area of the baſe 
in inches: which multiplied 
by 5, a third part of the 
Fheight, and the product is 
\\ 1711.25: this divided by 

144, the quotient is 11.88 

SW fcct, the ſolid content. 


AY 
F. I. Pte: 
18.5 HE 
18.5 6 6 
1480 9 3 
{bs | | 9 
| 342.25 Area of the baſe. 2 4 6 
n 


144)171 1,25( I 188 Content. 


* 
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By Scale and Compaſſes. 3 
Extend the compaſſes from 12 to 18.5 inches, that 


extent turned twice over from 5 feet (a third part of 
the height) will fall at laſt upon 11.88 feet, the ſolid 


content. 
To find the ſuperficial — 


Multiply the ſlant height (or perpendicular of oye 
of the triangles) by half To bat. &' of the baſe op 
and the ProduRt is 6668.88, which divided by 144, 
the quotient is 46. 31 feet, the ſuperficial content of 
all but the baſe ; then to that add 2. 38 feet, the baſe, 
and it makes 48. 69 feet, the whole ſuperficial Con» 
tent. 
180.25 The flant NES 4 D. 


| 23. | 
— bee 
126168 Y, 288 
54072 © 6 2.5 —_— 
| $42 | 
14)6668-88(46.31 443 
576 2.38 ä — 
— — — 1105 þ 
go8 48.69 The whole content, 11 52 
1 _—_— 
«© -. 
432 * | 4 
— — . = : 
24 | * 


ny Scat and denden 4 1 \ 


Extend ibe compaiſes from 144 to 180.24, 
tent will reach from 37 to 46. 3 1 feet, es of 
four triangles; and extend the gompalies rom 
to 18.5 (onedide of the baſe) that extent will * 
from 18.5 to 2.38 fere hate fo "_ to the other, 
| the ſum 46 48:69, the w uperſicies. 
1 DEMON. 
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| DEMONSTRATION. 
Every pyramid is a third part of the priſm, that 
| hath the ſame baſe and height, (by Zuchid, 12.7) 
That 1s the ſolid content of the pyramid ABD (in 
the laſt figure) is one third part of its ci ibi 
priſm ABEF. 
For eve mid that hath a ſquare baſe (ſuch as 
Aa Bbin the ſt figure) is conſtituted of an infinite 
. ſeries of ſquares, whoſe ſides or roots are continually 
increaſing in arithmeticalprogrefſion,beginningat the 
vertex or point D, its dale NB. being the greateſt 
term, and its perpendicular height CD is the number 
of al the terms But the laſt term multiplied into the 
number of terms, the product will be triple the ſum 
of all the ſeries, (by Lemma III.) conſequently —— 
8. And 8 3s equal to the ſolid content of the pyra- 
mid. From hence it will be eaſy to conceive, that 
D every pyramid is x of its circum- 
ſeribing priſm, (that is, of a priſm 
of equal baſe and altitude) what 
form ſoever its baſe is of, viz. 
whether it be ſquare, triangular, 
pentagular, Wc. Yo may very 
eaſily prove a triangular pyramid 
to be a third part of a priſm of 
equal baſe and altitude, by cut- 
ting a triangular priſm of cork, 
and thencut that priſmintothree 
pyramids, by cutting diagonally, 
as I have ſeveral times done, to 
ſatisfy myſelf and others. 
\ Let ABCD be a triangular py- 
ramid, each fide of the baſe being 
21.5 inches, and its perpendicu- 
\ lar height 16 feet ; the content 0 
ſolid and ſuperficial is required. 
Firſt, find the area of the baſe, 
by multiplying half the fide by 
Ache ndicular let fall from 1 


_— 


— tc ang of the baſe to the op- 
A. B poſite ſide; which i 
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will be found to be 18.62 ; the half thereof is g. 31, 
which multiplied by 21.5, the Product is 200.165 
Inches, the Area of the Baſe. Then becauſe the 
Altitude 16 cannot exactly be divided by 3, there- 
fore I take the third Part of 200.165, which is 
66.72, and multiply it by 16, and the Product is 
1067. 52 which divided by 144, the Quotient is 7.41 


Feet, the ſolid Content. 


9-31 Half the Perpen. F. I. Pts. 


21.5 The Side. Side 19 6 


— Half Perpen. 9 4 


4655 
931 14 


x 
- 1862 7 
3) 200.165 Area Baſe, Area Baſe t 4 8 
65.72 A third Part. g 


8 
4 
16 Height. 5 6 10 8 
4 


40032 — 
6672 6 


* 


144) 1067.52 (7.41 Sol. Cont. Cont. 7 5 2 
1008 
Anz caſt 


595 


2 


ing this up by Feet and Inches 
inſtead multiplying by 16, the 


576 Height, I break 16 into two ſuch 


Numbers, as being multiplied together 


192 the Product may be 16, vis. into 4 
144 and 4, and firſt multiply by one, and 
— then the other; a third Part of the 


48 laſt Product is the Content. 
By Scale and Compaſſes, 


8 Firſt, find a geometrical mean W (as 
before directed) by dividing the Space between 21.5 
and 9.31 into two equal Parts, and you will find the 
middle Point at 14-15, which is the mean Propor- 


tional ſought. Then 1 the compaſſes from 


to 
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to 14.15, that Extent (turned twice over from 16 
Feet) will fall at laſt upon 22.23; a third Part 
thereof is 7.41 Feet, the Content. 


"To find the ſuperficial Content. 


Multiply the ſlant Height (or Perpendicular of 
one of the Triangles) by half the Periphery of the 
Baſe, and to that Product add the Arca of the Baſe, 
the Sum is the whole ſuperficial Content. 


192.1 Inches, the ſlant Height d D. 
Half Periphery 32.25=21.25+10-75 ; 


9605 
3842 
3842 
5763 


— D Baſe, 
6195. 225 Inches, the Area of all but the 
2c. 165 Area of the Baſe add. 


144) 6395. 390) 44.41 Feet, the whole Cont. 
576 
„ 
576 
593 
$76 
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By Scale and Compaſſes. 


Extend the Compaſſes from 144 to 192-1, that 
Extent will reach from 32.25 (half the Periphery of 
the Baſe) to 43.02 Feet, the Content of the upper 
Part, 


And extend the Compaſſes from 144 to half the 
Perpendicular 9.31, that Extent will reach from the 
Side 21.5 to 1.39 Feet, the Area of the Baſe, which 
added to the other makes 44.41 Feet, the Content 
of the Whole, 


Let ABCDEFGH be a 
pyramid, whoſe baſe is a hep- 
tagon, each ſide thereof being 
15 inches, and the perpendi- 
cular of the heptagon i818. 58 
inches, and the perpendicu- 
lar height of the piramid HI 
is 13.5 feet; the content ſo- 
lid and ſuperficial is required, 


Multiply 15.58 (the per- 
pendicular) by 52.5, half the 
ſum of the ſides of the hep- 
tagon, and the product is 
817.95, which multiplied by 
4.5 vis. + of the height, and 
the product is :2680.775* GY 


Then divide this laſt pro- 
duct by 144, and the quotent Þ 
is 25.56 feet, the content. 


O 2 


% 


j 
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15.58 The Heptagon's Perpendicular. 
52.5 The Half Sum of the Sides. 


— ä—— —-—-— 


7790 
3116 


7790 


817.950 
4.5 A third part of the height. 
4089750 
3271800 


144) 3680.5750(25.56 Solid Feet. 
288 


800 
720 


807 
720 


877 
864 


— — 


13 
By Scale and Compaſſes. 


Firſt, find a geometrical mean Proportional be- 
tween 15.58 and 52.5 (as is before directed) which 
you will find to be 28.06; then Extend the Compaſſes 
from 12 to 28.06, that Extent will reach from 4-5 
(twice turned over) to 25.56 Feet. 


To find the ſuperficial Content. 


Multiply the Height taken from the Middle of one 
of the Sides of the Baſe 162.75 Inches, by the half 
Sum of the Sides 52.5 Inches, and the Product is 
$544+375 3 which divided by 144, the Quotient is 

of the upper Part 
16.275 


59.335 Feet, the Content 0 
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162.75 144)817.95 (5.68 
32.5 | 979 
r 1155 
81375 — 
32550 | 3 
81375 | 


144) 8544-375 (59-335 Fect. 
— 5.68 Baſe add. 


483 65.015 


\ 


135 | 
By Scale and Compaſſes. | 


Extend the Compaſſes from 144 to 162.75, that 

Extent will reach from 52.5 to 59.333 Feet. 
And extend the Compaſſes from 144 to 15.58, the 
Perpendicular, of the Heptagon, the Extent will 
reach from 52.5 to 5.68 Feet, the Content of the 
baſe ; which add to the former, the ſum is 65. 015, 
the whole Superficial Content. 


* 


& v. Of a CYLINDER. 


- A CYLINDER is a round Solid, having its 

' Baſes circular, equal and parallel, in Form of 
a Rolling Stone uſed in Gardens, -To find the 
ſolid Content thereof, this is 


The R U LL: & 


Multiply the Area of the Baſe by the Length, 
and the Product is the ſolid Content. 


O 3 Let 


2 3 


— 
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| Let ABC be a Cylinder, 
whoſe Diameter AB is 21.5, 
21-5) Inches, and the Length CD 
B is 16 Feet, the ſolid Content 

is required. 

Firſt, ſquare the Diameter 
21:5 and it makes 462.253 
which multiply by. 7854 and. 
the Product is 363.05 115. 
Then multiply this by 16, 
and the Product ĩs g 808.8164. 
Divide this laſt Product by 
144, and the Quotient is 

40. 34 Feet, the ſolid Content. 

By Scale and Compaſſes. 
Extend the Compaſſes from 
13.54 to 21.5, the Diameter, 
that Extent (turned twice 
over from 16, the Length) 
. will at laſt fall upon 30.34, 
the ſolid Content. 


A 


16 F. 


To find the ſuperficial Content. 


Firſt, (by Ch. 1 SeR. IX. Prob. 2.) find the Cir- 
cumfcrence of the Baſe 67.54, which multiplied by 
16, the Product is 1080.64; which divided by 12, 
the Quotient is 90.05 Feet, the Curve Surface : to 
which add 5.04 Feet, the Sum of the two Baſes, and 
the Sum is 95.09 Feet, the whole ſuperficial Content. 


67.54 363-05 
16 2 
40524 | 144)726.10(5.0 
8 | (5-04 
0.0 6 
: 1:)1090.64 Ny add. = 
34 
99.05 95.09 
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By Scale and Compaſles. 


Extend the compaſſes from 12 to 67.54 (the cir- 
eumference) that extent will reach from 16, the 
length, to 90,05 feet, the curve-ſurface. 

And extend the compaſſes from 12 to 21.5, (the 
diameter) that extent (turned twice from. 7854) will 
at laſt fall upon 2.52 feet, the area of one baſe ; 
which doubled is 5.043 this added to the curve · ſur- 
face makes 95.09 feet, che whole ſuperficial content, 


DEMONSTRATION. 


The ſolid content of every Cylinder is found by 
multiplying the area of its baſe into its beight, as 
aforeſaid : For every right Cylinder is only a round 
Priſm, being conſtituted of an infinite ſeries of equal 
circles; that of its baſe, or end, being one of the 
terms, and its height CD (in the former figure] is 
the number of all the terms: Therefore the area of 
its baſe AB being multiplied into CD, will be its ſo- 
lidity (by Lemma I.) Let D=AB, andH=CD. 
| Then .7854 DDx His ſolidity. 


* 


—- 


ä 


& VI. Of a CONE. 


CONE is a Solid, having a circular baſe, and 
growing ſmaller and ſmaller till it ends in a 
point, which is called the vertex, and may be nearly 


repreſented by a Sugar-loaf. To find the ſolidity 
thereof, this is 


The RULE. 
Multiply the area of the baſe by a third part of 


the perpendicular height, and the product is the 
ſolid content, 14 


3 2 — 


— — et nd 3 0 —— — — — 
. 1 


feet the content. 
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Let ABC be a Cone, the Diameter of whoſe baſe 
AB is 26.5 inches, and the height of the cone DC 
is 16.5 feet, Firſt, ſquare the diameter 26.5, and 
it is . 702. 25 ; which multiply by 7854, and the 
1. product is 55 1.54715; which 

Cc multiply by 5.5, and the pro- 
duct is 3035 47825; which di- 
vided by 144, the quotient is 
21:07 ſere, the ſolid content of 
the cone. 
26.5 The diameter. 
26.5 


1325 

1590 

530 

702.25 The ſquare. 
—— 5 * 


55 1.547150 Area of the baſe. 
5.5 Third part of the height 


275770 
27577 


144) 3033.47 002 1.06 feet, the content. 


153 
947 


83 
By Scale and Compaſſes, 


Extend the compaſſes from 13.54 to 26. 5, (the 
diameter) that extent turned twice over from 5.5 


a third part of the height) will at laſt fall upon 21.06 
| By 
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To find the ſuperficial Content. | 
Multiply half the Circumference 41.626 by the 
fant height AC 198.46, the Product is 8261.09596 
which divided by 144, the Quotient is 57.37, fere, 
the Curve-S ; to which add the Baſe, the 
Sum is 61.2, the ſaperficial Content. 
41.626 The half Circumfer. of the Baſe, 
198.46 Inches, the ſlant Height. 


— 


249756 
166504 
333008 
374634 
41626 
144)8261. 37 Feet, fere. 
eee 
1061 — 
530 61.20 The whole Content, 
989 
144)551-54(383 
1195 
434 
2 
By Scale and Compaſſes. a 


Extend the compaſſes from 144 to 198. 46, that 
Extent will reach from 41.626 to 57.39 Feet, the 
Curve-Surface. 

And extend the compaſſes from 12 to 26.5 (the 
Diameter) that Extent, turned twice over from 
7854, will at laſt fall upon 3.83 Feet, the Baſe ; 
which added to 57.37, the Sum is 61.2 Feet, the 
ſuperficial Content, | 


DEMONSTRATION. 
Every Cone is the third Part of a Cylinder of 
equal Baſe and Altitude. The Truth of this may 
eaſily be conceived by only conſidering, that a Cone 


is but a round Pyramid, and therefore it muſt _ | 
| ave 
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have the ſame Ratio to its r Cylinder, 
as the ſquare” Pyramid hath to its cireumſcribing Pa- 
rallelopipedon, wiz. as 1 to-3. However, to make 
it yet clearer, let it be farther conſidered, That 
Every right Cone is conſtituted of an infinite Series 
of circles, whoſe diameters do continually increaſe in 
arithmetical progreſſion, beginning at the Vertex; or 
point C, the area of its baſe AB being the greateſt 
term, and its perpendicular height DC the number 
of all the terms; therefore the area of the circle of 
the baſe multiplied by a third part of the Altitude 
DC, will be the ſum of all the Series, equal tothe 
Solidity of the Cone, by Lemma III. 


The Curve-Superfices of every right Cone, is 
equal to half the Rectangle of the Circumference of 
its baſe into the length of its ſide. | 
For the curve-ſur- 
- face of every right 
Cone is equal to the 
Sector of the circle 
whoſe arch BC is e- 
qual to the periphe- 
ry of the baſe of the 
Cone, and Radius 
A equaltotheſlant 
ſide of the Cone. 
Which will appear 

very cvident, if you 

A : uot fe piece of pa- 

per in the form of a ſeQor of a circle, as ABC, and 

bend both the fides of AB and AC together till 
they meet, and you will find it to form a right cone. 


I have omitted the Demonſtrations touching the 
Superficies of all the foregoing Solids, becauſe I 
thought it needleſs, they being all compoſed of 
Squares, Parallelograms, Triangles, &c. which Fi- 
gures are all demonſtrated before. And if the area 
of all ſuch Figures as compoſe the Solid be found 
ſcverally, and added together, the ſum will be the 
ſuperficial Content of the Solid. 

VII. 


7 
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5 VN. Of the Frutum of @ PYRAMID. 


FRUSTUM of a Ryramid, is a remaining 

Part when the Top is gut of by a Plane pa- 
rallel to the Baſe. To find the ſolid Content thereof, 
there are ſeveral Rules. | | 


R ULE I. 7 3 oh 

To the Rectangle (or Produt) ofithe Sides of the 
two Baſes add the Sum of their Squares ; that Sum 
being multiplied into one third Part of the Fruſtum's 
Height, will give its Solidity, af the Baſes be ſquare. 


Or thus, which is the ſame in Effect. 


- Multiply the Areas of the two Baſes together, and 
to the ſquare Root thereofadd their two Areas; that 
Sum multipled by one Third of the Height, gives 
the Solidity of any Fruſtum, ſquare or multangl:d. 


RULE II. 
To the Rectangle of the Sides of the two Baſes 


24d one third Part of the Square of their Difference ; 
that Sum being multiplied into the Height will pro- 


duce the Solidity, if the Baſes be ſquares : But if they 


be triangular or multangular, the Rectangle of the 
Sides with the third Part of the Square of their Dif. 
ference will be the ſquare of a mean Side; and the 
ſquare Root thereof will be ſuch a mean Side as will 
reduce the tapering Solid to a Priſm equal thereunto. 


Example, Let ABCD be the Fruſtum of a ſquare 
Pyramid, the Side of the greater Baſe 18 Inches, and 
the Side of the leſſer 12 Inches, and the Height 18 
Feet ; the Solidity thereof is required, _ 

lt, 


- 


þ 
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Firſt, multiply the two Sides together, 18 by 12, 


and the Product is 216, and the Difference of the 
Sides is 6, whoſe Square is 36; a third Part thereof 


is 12, which added to 
216, the Sum is 228 
Inches, the Area of a 
mean Baſe ; which mul- 
tiplied by 18 Feet, the 
Length, the Product is 
4104; this divided 
144, the Quotient is 
28.5 Feet, the Content. 
thus; the Square of 18 
is 324, and the Square of 
12 is 144, and the rect- 
angle of 18 by 12 is 216; 
the ſum of theſe three 
684, which multiplied 
D by 6, the Product: is 
4104 ; which divided by 
144, theQuotientis28.5 
Feet, the ſame as before. 
See the Work of both Ways. 


— — — 
18 6 Diff. 18 12 
12 6 18 12 


216 3) 36 Squ. ſ 324 Squ. 144 Squ. 


12 add — 144 
a 12 a Third L216 
228 the Sum. — 
18 the Height, 684 the Sum. 
— 6 a zd. of the 
1824 - | — Height. 
228 | 144) 4104 (28.5 Feet. 
144) 4104 (28.5 1224 
— 7 720 
1224 1 — 


720 9 3 » 


* 
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7 By Feet and Inches thus ; 
F. I. 11 c- 
Multiply 1 6 6 
by 1 6 | | 
— ITY | F. I. [ er. 
Product 1 6 43)36q. 5 4 38. of the great- 
add o 1 —— 1 6 The rectangle. 
— 12 | 5] 1 0Sq of the lech. 
Multiply 1 7 — | [Area. 
: by 18 o Height. | 4 |. 4 9Trip. ofa mean 
. | © | 6 O A third of the 
18 o | — [height. 
9 o 128 6 | 
1 6 | 
Content 28 6 J p 
To find the ſuperficial Content. 


The perimeter of the greater baſe is 72, and the 
periameter of the leſſer baſe is 48; add both the peri- 
meters together, the ſum is 120 the half thereof is 
60 ; which multiplied by 18 feet, the product is 
1080; this divided by 12, the quotent is 90 ſect; 
to which add the two baſes 2.25 feet, and 1 toot, 
the ſum is 93.25 feet, the whole ſuperficial content. 


18 The height, 


15 12 
4 4 60 
72 48 12) 1080 
48 90 Feet. 
— 7 25 The greater baſe 
2) 120 The leſſer baſe. 
60 93.25 Sum. 


Again, 


* 


Ld 
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Again, Let ABCD be 


the iruſtum of a triangular 
pyramid, each fide of the 
greater baſe 25 inches, and 
each fide of the leſſer baſe 
91nches, and the length 15 
feet; the Solid Content 
thereof is required. 

By the ſecond rule, mul- 
tiply 25 by ꝙ, and the pro- 
duct is 225; and the differ- 
ence between 25 and 9 is 
16, whach ſquared makes 
256, a third part thereof 
is 85. 332, which added to 
225, and the ſum is 310. 
333: this multiplied by 
433, the product is 134. 

374, Sc. which is the area 
of a mean baſe: and that multfiplied by 15 feet, 
the length, the product is 2015.610, which divided 
Ly 144, the quotient is 13.99 feet, the ſolidity. 


Or thus, by the latter part of the firſt Rule: Find 
the area of the greater bate, which you will find to 
be 270.625, aud the area of the leſſer baſe will be 
5.073; theſe two areas multiplicd together, the 
product is 940 1.73062 5, the ſquare root thereof 15 
G7.425, tO whic! add the two arcas, and the ſum is 
403 123; which multiplied by a third part of the 
length 5, and the product is 2C15.610 ; and that 
divided by 144, aud the quotient is 13 99 feet, as 
before. 


— 


See 
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See the Working of both. 


25 25 
9 9 
ProduR 225 16 Difference. 
16 
96 
16 


3) 256 the Square, 


. 
— — — 


85.333 a third Part. 
225. add. 5 


W . » 


JI9333 5-1 
433 Tabular Numb. (vide p. 95) 


— 


930999 
950999 
1241332 


134-374189 mean Area. 
15 Length, 

671870945 

134374189 


144)2015-61]2835(13.99 Feet, 


_— 


P 2 25 
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25 3 
25 9 
125 81 Square. 
50 
625 Square. 
433 
1875 270.625 
1875 35 973 
2500 — 
811875 
270.625 Areas. 1894375 
1353125 


811875 


— 


— 


24910628097 425 
1 


187) 1391 
1309 


194408263 
7776 


19482) 48706 
38964 
194845) 974225 

974225 


—— 


„ RS. 
* 
- 


Part II. 


433 
81 


433 
3464 


35-073 
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270.625 Greater arga. _ 
97.425 The mean e sl. 
35.073 The leſſer ares. 
403. 123 The triple of a mean area. 
5 A third part of the height, 


144) 2015.615013. 99 Feet, 'the ſolidity. 
575 125 
1436 


1401 


105 


In finding the area of the triangular baſe J multi- 
plied by. 438, becauſe that is the area of the equi- 
lateral triangle when the fide thereof is 1. A table 
of the areas, or multipliers, for finding the areas of 
Polygons, you'll find in page 95. 


Multiply the Square of the Sides by the tabular, 
Number, and the Product is the Area of the Polygon. 


To find the ſuperficial Content. 


The perimeter of the greater baſe is 75, and the 
perimeter of the leſſer baſe is 27; the ſum of both 
is 102, and the half ſum is 51, which multiplied by 
15 feet, the product is 765 ; which divided by 12, 
the quotient is 63.75 ; to which add the ſum of 
the two baſes 2.12 feet, and the ſum is 65.87 feet, 
the whole ſuperficial content. 


Norte, That 51 ſhould have been multiplied by 


the ſlant height, but the difference it would make is 
hut .06 of a foot, which is inconſiderable. 


P 3 | | Again, 


— — 
* „ 


Again, Suppoſe A 
BCD to be the fruſ- 
tum of a Pyramid, 
having an OQagonal - 
baſe, each ſide there- 
of being q inches, and 
each fide of the leſſer 
baſe 5 inches, and the 
length or height 10.5 
feet ; the Solidity is 
required. 

By the ſecond Rule. 
Multiply the greater 
ſide 9, by the leſſer 
ſide 5, and product is 
45 ; then the differ- 
ence between 9 and 5 
is 4, which ſquared, 
makes 16; and a third 
part thereof is 5.3333 
which added to 45, 

| the ſum is 50. 3335; 
_multiply this laſt by the number in the table, 4.8284, 
and the product is 243.0292, the area of the mean 
baſe ; which multiplied by the height 10.5 feet, 
and the product is 2551.8066 ; then divide this 
laſt product by 144, and the quotient is 17.72 feet, 
the ſolid content. 
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See the Worx. 
Mult. 9 Inches. 9 from the greater Side. 
by 5 Inches. 5 ſubtract the leſſer. 


Prod. 45 4 
4 


— — 


3) 16 {quared. 


5. a third * 
Adin 3333 


Sum 50.3333 the tad of * Side. 
4.8284 Tabular Numb. ha 95» 


2013332 | 
402666 8 
10067 | wa 
4026 
201 
243.0292 a mean Aren. 
10. 5 the Height. 
12151460 
2430292 


144) 2551. 80/660 (17.72 
144 
— To nd tbe ſuperficial Content. 


1111 
Lu The Perimeter of the 
Fele Baſe is 72, and the 
a erimeter of the leſſer Baſe 


1008 is 40, and their Sum is 112; 
—— the Half thereof is 56, 
300 which multiplied by the 
288 Height 10.5 Feet, and the 
— Product is 588 ; which di- 
12 vided by 12, the Quotient 

is 49 Feet: to which _— 
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the Sum of the two Baſes 3.55, and the Sum is 525 5 
Feet, the whole ſuperficial Content. 

DEMONSTRATION: 


From the Rules delivered in the fourth and fixth 


Sections, the two foregoing Rules may eaſily be 
demonſtrated. | | 


V 


Suppoſe a ſquare Pyramid, 
'as ABV, to be cut by a Plane 
at a b, parallel to its Baſe AB, 
and it were required to find the 
Solidity of the Fruſtum or Part 
ab AB, Let there be given 


=BA, the Side of the greater Baſe. 
d=b a, the Side of the leſſer Baſe. 
H=CP, the Perpendicular Height. 


rin, | IDA: Had. ec by the Fig 
Then | 2 DD x HXxVC the whole Pyra. BVA. 
3 


, by Section the fourth. 
| And | , dd x V the Pyramid aVs cut off. 


Then, in the 2d and zd Steps, if inſtead of VC 
youtake I. to it by the firſt Step, it will be, 


Ma a Y — _— 


ix 
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{ | DDDH 
VIZ. 1.2 4 3D—3d 


ddd 5 
DA the Pyramid aV3. 


6 DDDH—dddH 
3D —3d 


And by dividing DDD—ddd by D- d, and then 
multiplying the quotient by + H, the laſt ſtep will 
be reduced to DD Dd+dd : X + H = the fruſ- 
tum abAB, which in words is thus: 


To the r&Qangle of the ſides of the two baſes 
add the fum of their ſquares ; that ſum being mul- 
tiplied into one third of the fruſtum's height, will 
give its ſolidity, which is the ſame as the firſt Rule 
of this ſection. 


=whole Pyramid BVA. 


and 1.3. 


4—5. the Fruſtum ab AB 


See the Work of the Diviſion. 


D—d) DDD—44d (DD+Dd+4d . 
DDD—DDd | 


DDd—4dd 
DDd—D4dd 


Ddd—ddd 
1 - Ddd—ddd 


O O 


The ſame reaſon will hold good for all fruſtums 
of Pyramids or Cones, whether the baſe he triangular 
or multangular, becauſe the ſquares of the fides of 
any figure, or the ſquares of the diameters of 'cir- 
cles, are r to the area, whicli proves the 
latter part of the firſt ſaid Rule. 1 


Again, 


* 
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Again, to prove the ſecond Rule. 
Suppoſe | 1 | XS D- d. And F the Fruſtum, 
then | 2 | DD+ Dd +dd = by the laſt, 
16-2 | 3 | xx=DD—2Dd+4&. 

27234 3Dd=37—xx. 


Dd = lx. Or Daf n 


4—3|5| 
5xH 6 | DD+3xx: x H=F, the fruſtum abAB. 


a Which in Words is thus : > 


To the rectangle of the ſides of the two baſes add 

one third part of the ſquare of the difference of the 

ſaid ſides, and multiply the ſum by the height of the 
fruſtum, the product 1s-the ſolidity of the fruſtum. 

The ſuperficial contents of fruſtums (all but the 

baſes) are compoſed of "Trapeziums, ſo many as the 

fruſtum has ſides. As the ſquare fruſtum abAB, in 

the laſt figure, is compoſed of four Trapeziums, 

having the two upper and alſo the two lower angles 

equal; if therefore the 'Trapezium abAB be cut in 

two by the line CP, and the two pieces laid together, 
the line bB upon the line aA, the narrow end of the 

one to the broad end of the other, it will form a right 

angled parallelogram, as is plain by the figure annex- 

ed; the paxallelogram DCEP 

D a C 56 being eq to the Trapezi- 

um ab AB, becauſe the fide 

Dais equal to PB, and EA, 

is equal to aC. Therefore, 

to find the area of the Tra- 

pezium, add half the fides 

ab to half the file AB, and 

A P Bit makes CD or EP; which 

* multiply by the height PC, 

the product is the area of the parallelogram DCEP, 

equal to the trapezium ab AB; then, if that be * 
\ | tiplie 


% 


, 
, 
1 


* 
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tiplied by the Number of Trapeziums, the Product 
will be the ſuperficial Content of the Fruſtum, want- 
ing the Bafes, Or if the whole Perimeter of the 
greater Baſe be added to the Perimeter of the leſſer 
Baſe and half the Sum multiplied by the Height, 
the Product will be the ſuperficial Content of all 
Trapeziums at once. { 


NOTE, That half the Sum of the Perimeters 


| ſhould be multiplied by the fant Height, up the 


Middle of one of the Tr apeaiums; but in the fore- 
going Examples I have multiplied by the perpendi- 
cular Height, becauſe the Difference is very incon- 
ſiderable. | 


* * „ — 


—— — 


$ VIII. Of a Fruſftum of a C 0 NE. 


FRUSTUM of a Cons is that Part which 

remains, when the Top End is cut off by a 

Plane Parallel to the Baſe. To find the ſolid Con- 

tent, the Rules are the ſame in Effect as for the 
Fruſtum of a Pyramid. 


RULE I. 


To the ReQangle of the Diameters of the two 
Baſes add the Squares of the ſaid Diameters, and 
multiply the Sum by .7854, the Product will be the 
Triple of a nian Area, which multiplied by + of the 
perpendicular Height, that Product will be the ſolid 
Content. a 

Or thus: Multiply the Areas of the greater and 
leſſer Baſes together, and out of the Product extract 
the ſquare Root and add the two Areas and 
ſquare Root together and multiply the Sum by one 
Third of the perpendicular Height, the Product is 
the ſolid Content. 


R UL. II. 


To the Rectangle of the greater and leſſer Diame- 
ters, add one third Part of the Square of their Dif- 
ference, 


1 


9 
: 
= 
_ 
„ 
I — 
7 
3 _— 
ö 
I - 
1 
: : 
: J 
* 
. 
3 
71 
1 
53 
"i 


| 


1 
1 
* 
] 
4 


—— 
8 
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ference, and multiply the Sum by. 78 54, the Product 
is a mean Area; which multiplied by the perpendi- 
cular Height, the Product is the Solidity. 


Example. Let ABCD 
be a Fruſtum of a 
Cone, whoſegreaterDi- 
ameter CD 1818 inches 
and the leſſer Diameter 
AB 9 inches, and the 
Length 14.25 Feet; 
the ſolid Content is re- 
quired, 

Multiply 18 by 9, and 
the Product is 162, and 
the Difference between 
18 and 9 is 9, whoſe 
Square is 81, a third 

D Part is 27; which add 
to 162, the Sum is 189 
this multiplied by. 7854 
the Product is 148.44; 
which divided by 144, 
the Quotient is 1.03 
Feet, the Arca of a 
mean Baſe; which mul- 

tiply by 14.25 Feet, the Height, the Product is 

14.6775 Feet, the ſolid Content. 


Or thus, by the firſt Rule. 


The ſquare of 18 (the greater Diameter) is 224, 
and the Square of 9 (the leſſer Diameter) is 81, and 
the Rectangle, or Product of 18 by 9, is 162; the 
Sum of theſe three is 567, which multiplied by. 7854, 
the Product is 445.3218; which divided by 144 the 

uotient is 3.09 Feet, the triple Area of a mean 
Bate ; this multiplied by 4.75 Feet (a third Part of 
the Height) and the PryoduRt is 14.6775 Feet, the 
Sulidity, the ſame as before. 


: See 


# 
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Therefore the aggregate, or ſum, of all the rings 
made by the revolution of EF's, muſt be equal to 
that of all the circles made by the motion of GH's, 
i. e- the diſh-like ſolid, formed by the revolving 
rings, will be equal to the Cone formed by the re- 
valution of the GH's, which are the elements of the 
triangle ABD; that is, the diſh-hke ſolid will bo 
as the Cone, + of the circumſeribing Cylinder, and 
conſequently the hemiſphere muſt be; of it: where- 
fore the ſphere is 3 of the cireumſoribing Cylinder. 


Let the radius of the ſphere be r =CD then the 
diameter will be 2 r; let the ſurface of the ſphere, 
enerated by the revolving ſemicircle, be called 8, 
and that of the Cylinder, formed by the revolution 
of 2 AC = 2r=Diameter, be called ſ. Wherefore, in 
what was juſt now proved, the expreſſion for the ſo- 


lidity of the ſphere in this notation will be”, and 


putting c equal to the circumference of the baſe, or 
for the periphery df a great circle of the ſphere, 
the curve ſurface of the Cylinder will be 2 re ; alfo 


— will be the arca.of a great circle, by Sect.- IX. of 
(Chap. 1. Prad. 1.) and this multiplied by 2 r, makes 
tre, which is the ſolidity of the Cylinder, by Sect. V. 
of this chapter. Now, Tince { was put equal to zre 
=:9 the curve Mrfleg of "the Cylinder, (by ſubſtl 
tuting ſ for 2rc) will be alſo=to the ſolidity of the 
Cylinder. Now, fince the ſphere isz=4 of the Cy- 


. . xi Ar D 
linder, == ; that is, — - —. 
3&2 yang hs 3 6+ "0 


Wherefore rS=r ſ. that is, dividing by r, Sg; 
or the ſurface of the ſphere is equal to the curve- 
ſurface of the Cylinder, but the curve-ſurface of the 


Cylinder was 2r c. 


Wherefore to find the area of the ſurface of ei- 
ther ſphere or Cylinder, you muſt multiply the dia- 


meter (=2r) by the circumference of a great — 
R | of 


1 


182 Menſuralion of Solids. Part IL. 
of the ſphere, or by the periphery of the baſe, 


6 rc < 
From this notation alſo, the arca of a great cir- 


cle of the ſphere, is plainly 4 of 2 rc, the ſurface 
of the ſphere; that is, the ſurface of the ſphere'is 

3 F , 
quadruple of the area of the greateſt circle of it. 
| Wherefore, to 2rc, the convex ſurface of the 
Cylinder, add rc equal to the area of both its baſes, 
you will have 3 re; which ſhews you, that the ſur- 
face of the Cylinder (including its baſes) is to the 
ſurface of the ſphere as 3 to 2 or that the ſphere 
is 4 of, the circumſcribing Cylinder, in erca as well 
as ſolidity. 

Or you may prove the ſphere to be ; of the Cylin- 
der of the ſame baſe and altitude, by Lemma VI. 
atoregoings thus: 


1 
REY 
19 


K 


* L. 


— — 


Let AGB repreſent the hemiſphere, and AIKB 
half the Cylinder, then, if the ſemidiameter GET 
be divided into fix equal parts, and hnes drawn pa- 
rallel to AB, the diameter, the ſquares of.the ſemi- 
chords ab, cd, ef, Oc. will be a ſeries of numbers, 
whoſe greateſt term AH is a ſquare number, the 
others differing by odd numbers, that is, AH 13 
36, Bl 35, gb 32, ef 27, cd 20, ab 11: But an infi- 
nite ſeries of ſuch numbers are in proportion to an 
infinite number of terms equal to the greateſt, as 

2 IQ 


ba 
„ 
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2 to 3. And becauſe the hemiſphere is compoſed of 
an infinite number of circles, whoſe diameters are 
the chords of the ſemicircle, and the half Cylinder 
is compoſcd of an infinite number of circles, whoſe 
diameters are all equal to the diameter of the ſemi- 
cirgles AB; therefore the hemiſphere is in proportion 
to the half Cylinder as 2 to 3 ; and conſequently the 
whole ſphere bears the ſame proportion to the whole 
Cylinder, 


That the ſuperficies of every ſphere (or globe) is 
equal to four times the area its greateſt Grd 3 e is thus 
proved, | 


The ſolidity of the ſphere is conſtituted of an 
infinite number of parallel circles, as is aforeſaid; 
conſequently the ſuperficies of the ſphere will be 
compoſed of the peripheries of thoſe circles which 
conſtitute its ſolidity. 


NOTE, In the following demonſtrations, O ſig- 
nifies any circle in general; and if any two letters 
be joined to it, thus, © AB, Cc. then it denotes the 
area of ſuch a circle as thoſe two letters repreſent, 
the radius of 


a Z 1/ m 
e 
WL 1 
A G 
8 


R 2 Let 


. . —— ͤ —=q't—— —⅛ —— p —_ : 
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Let D=T'S, the axis of any ſphere, then, accord. . 
ing to the property of a circle, it 

will be I D— Tt x Th=[Jab ; 

that is, | 2 Dx Tþ—(JTb=[Jab ; 
therefore | 3 | D x Th=[JaT. 
For 4 | Dab+OTH=DaT, (Eve. 1. 47.) 
And 1 5 | Dx Td=[JeT, . 
| E Dx T/=CyT. 


Hence it is evident, that the ſeries [JaT, [OT, 
Lr, Sc. are in the ſame ratio with Th, Td, Tf, 
c. wiz. in arithmetical progreſſion : whence it 
follows, that the ©aT==to the ſum of all the circle's 
peripheries between T and 6. 

And OT- the ſum of all the circle's peripheries 
between T and d, Oc. 

Conſequently, that. the © AT the ſum of all the 
eirelc's peripheries, included between T and C; that 


is, OAS the ſuperficies of the hemiſphere. 


And becauſe [JAC+{IJTCO=AT, and [JAC 
is equal to [JTC ; therefore © AT=2© AC, is the 
ſuperficies of the hemiſphere. 


Conſequently, 4 ©AC will be the ſuperficies of 
the whole ſphere. 


SCHOLIUM. 


From the method here uſed in proving the whole 
ſuperſicies, it will be eaſy to find the curve-ſuper- 
ficies of any Fruſtum, or part of a ſphere, that is cut 
off by a right line, or plane, viz. lach as the Fruſ- 
tum am in the laſt ſcheme, whoſe curve · ſuperſicies 
is Oa T, as above. Therefore (be cauſe [ab TA 
=a'T) it will be © ab+ © T= the curve · ſuperficies 
of that Fruſt um. | | 

But if the axis TS and the height Tb of the Fruſ- 
tum are given, then it will be TSx Th=fJaT, as 


in the third ſtep above, which gives the proportion 
or theorem following, vi. 
As 


— 
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As the axis of the ſphere : to the whole ſuperficies 
of the ſphere : : ſo is the height of any Fruſtum : to 
its curve-ſuperficies, 


To which if there be added the area of the Fruſ- 


tum's baſe, the ſum will be the whole ſuperficics 
of the Fruſtum. 


That the ſolidity of every ſphere is two thirds of its 
circumſcribing Cylinder, may A thus proved. 


According to the Work above, it appears that 
© ab, O ed, © /. # \ | 


&c. do conſtitute 
the Solidity of the 
Sphere ; and that 
[JaT, T, yT, &c. 
are a ſeries of terms 
in arithmeticalpro- 
greſſion, UU ATA 
being the greateſt 

term, and TC the 

number of terms; 
therefore © AT x 

- + TC=the ſum of 
all the Series, by + 8 
Lemma II. 


And becauſe DaT UTZ Dab. UeT UTA 
=[ed. DO y T— HTN DAT—DOTe= 
[JAC, &c. wherein [7 TI, [JTd, IT/, & c. are a 
ſeries of Squares, whoſe roots 'Tb, Td, I/, are in 

aritmetical progreſſion; [JTC being the greateſt 
term, and TC the number of terms; therefore 
© TC x + TC= the ſum of all the Series, by 
Lemma III. 


Conſequently, OAT x TC : —OTCx TC= 
the ſum of all the Series Oab, Oed, Oy, &c. which 
conſtitute the Solidity of the half Sphere ATG. 


Put D=2TC, the Axis of the Sphere ; then 1 | 
- 


C, 


R 3 


E 


* 
— A vl EI” 
_ —— | n 
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TC, and 3 D TC, and becauſe [JAT=2 UTC, 
therefore © AT=2©OTC=1.5708 DD; and 1.5708 
DD x 4D=0. 3927 DDD. 

Again, OTC x +FC=0.7854 DD x 4 D==. 1509 
DDD, then 0.3927 DDD=—o.1 309 DDD=0.2618 ' 
DDD, the Solidity of the half Sphere. ; 

Conſequently, 0.2618 DDD x 2=.5236 DDD, 
will be the ſolid content of the whole Sphere, which 
is equal to 4 of the Cylinder; the diameter of 
whoſe baſe, and alfo its height, is =D. 

For 0.7854 DDD=the Solidity of the Cylinder, 
by SeR. V. But 3 of0.7854 DDD=c.5236DDD, 
as before, | a 


5 8enolL un. 


From this demonſtration it will be eaſy to deduce 
or raiſe 'Theorems for hnding the ſolid content of any 
Fruſtum of a Sphere, as Tm in the laſt figure. 
For ve there ſuppoſe the Fruſtum Tm to be con- 
ſtituted of an infinite Series of circles, which have 
the ſame Ratio with all thoſe circles that conſtitute 
the half Sphere. 8 

Therefore it follows, that Oa T x 4 TG: - OT 
+T5, will be the ſum of all the circles intercepted 
between T and 5; conſequently it will be the Soli- 
dity of that Fruſtum. | 

And becauſe U a? T T, therefore ©ab + 
STATS: - OT 3 Ti=the Solidity. Let 
e ab, half the diameter of the Fruſtum's baſe ; 
h = Tò its height, and S= the Solidity of the Fruſ- 
tum. Then Gab = z. 141600, and OTS 3. 1416 
3.1416 cch+ 3. 1416 hhh 


2 


h þ ; conſequently, 


3-1416hhh > 
— =; which being reduced, will become 


zech+hhh x o. 5236 8: Which is one Theorem 
for finding the Solidity of the Fruſtum, aud may be 
expreſſed in werds, thus: 


If 
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97 


If to three times the ſquare of the ſemidiameter 


of the Fruſtum's baſe you add the ſquare of 
height of the Fruſtum, and multiply the ſum by 


the 
the 


height of the Fruſtum, and that product multiplied 


by 5 236, the product will be the ſolid content. 


Eut if the axis of the ſphere, and the height of 


the Fruſtum be given, then put D the axis, h= 
height of the b 


the 


ruſtum, and c as before: it will be 


D—h x h=cc, vis. Dh—hbh==cc. Then will z Dhh 
—2hhbh=3cch+hhh ; conſequently 3Dhh—2hbh 
X 0.5236=S, the Fruſtum's ſolidity ; which is ano- 
ther theorem for finding the ſolidity of the Fruſtum, 


and may be expreſſed in words thus: 


From three times the axis ſubtract twice the height 


of the Fruſtum, and multiply the remainder by 
{quare of the height, and that product multipl 
.5236, this laſt product will be the ſolidity of 


Fruſtum: 


Example. Let ABCD 
be the Fruſtum of a 
Sphere ; ſuppoſe AB 
(the diameter of the 
Fruſtum's baſe) be 16 
inches, and CD. (the 
height) 4 inches ; the 
ſolidity is required, 


the 


y by 


the 


* 
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By the firſt Rule. 


8 
8 
64 Square of the Semidiameter AD. 
3 
2 
76 


Add the * of CD. 


208 
4 Multiply by cp. 


— — 


832 5236 
832 


10478 
15708 
41888 


The Solidity 435.6352 


By the ſecond Rule, thus : 


ws. by the Rule in Page 117, you will find the 
Axis of — whole Globe to be 20 Inches. 


20 Axis 5236 
Z 832 
From 60 10472 
Subtr. 8 Twice CD. 15708 
— 41888 
| Rem. 52 
Mult. 16 Square of CD. 435.635 2 The ſolid Content 
— the ſame as before. 
| 312 | | 
| 52 


| Prod ,832 And 
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* And if it be required to find the middle part am 
NK, uſually called the middle Zone of a Sphere; 

. P 


Then becauſe it 
is ſuppoſed that 
am = NK, or 
(which is all one) 
that 6 C = CB, 
therefore it is A 
plain,thatiftwice = 
the ſ-gment n 
be taken from the 
whole Sphere, 
there will remain 
the middle Zone 
amNK, 


But becauſe that Work is a little troubleſome, I 
will here ſhew how to raiſe a theorem for the doing it. 


Firſt, becauſe AC=yC =-C=aC="TO, therefore 


it will be [AC—DCf=DOyf, DAC-OCi=D: 


eil, [AC - UIC ab, &c. 
Here, becauſe UAC, UAC, [JAC, Sc. are a 


ſeries of equals, and Ch the number of all the terms; 
therefore AC x Ch=the ſum of all that ſeries, per 


Lemma TI. 


And UC, OC d, OC 8,” &c. being a ſeries of 
ſquares whoſe roots are in arithmetical progreſſion, 
beginning at the center C, viz. o. Cf, Cd, Ch, &c. 
wherein the greateſt term is Ch, and the number 
of terms is Ch; therefore [JCb x; ;Ch=the ſum of 
all the Series, per Lemma III. 


Conſequently, the DAC x Ch: — ©Cb x 3 C= 
the ſum of all the Series O y , Oed, © ab; Oe. 
which do conſtitute the ſolidity of the Half Zone 
«am AG. 

And 


* 
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And becauſe] A C-]CB=[1ab, therefore 
SAC -O = OC. Conſequently OAC Xx CH: 
QT COA. & Cl will 


3 
be the ſolidity of the half Zone. 
Put DP AGS ZAC, am, and H=}B=2C5, 


Then OA C= 7854 DD, © ab=.75854 xx And 
if we turn the common Factor. 7854 into a diviſor 
1.27323, and then take the triple of that diviſor, 
vis. 3.8197, the reſult of the precedent Work will 
produce the following theorem. 


2DD +xx 
Theor. . — 2x H the middle Zone am 
3.8197 3 


Which in words is thus: To twice the ſquare of 
the axis A G, add the ſquare of the diameter of the 
Fruſtim's baſe, (am) and divide the ſum by 3.8197, 
then multiply the quotient by the height or thick- 
neſs of the middle Zone, and the produR will be 
the ſolidity of the muddle Zone required, 


This is ſo plain and eaſy it needs no Example, 
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§ XII. a SPHEROID. 


SPHEROID is a Solid reſembliug an Egg. 
To find the ſolid content thereof, this is 


Th NUL 


Niultiply the ſquare of the diameter of the great - 
eſt circle by the length, and that product multiply 
again by. 5 236, this lait product w ill be the ſolidity 
ot the Spheroid. 


Let AB the Diameter of 
the greateſt Circle, be 33 
Inches, and CD, the Length 
55 Inches; the Soldity re- 
quired. 4 


33 59395 
33 5236 


359370 
179685 
119790 
9 


31 361. 0220 >theSolidity 
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DEMONSTRAT ION. 


Every Spheroid is equal to 3 of Cylinder, whoſe 
baſe is equal to the greateſt circle of the Spheroid, 
and its Height equal to the Length of the Spheroid, 


Suppoſe the figure NT 
SN in the annex'd ſcheme, 
to repreſent a Spheroid, 
formed by the Rotation of 
the Semi-Elliphis 'TNS, 
about its tranſverſeaxisT'S, 

Let D=TS, the length 
of the Spheroid, and the 
axis of its circumſciiſ in 
Sphere; and dN the 
y_ Diameter of the greateſt 
8 Circle of the Spheroid. 


Then becauſe U TC : NC: : U As : DU ab, by 
Sect. XV. Step. 3. Page 127. 
Therefore it will be DD: dd :: U AS: [Jab. 


But the ſum of an infinite ſeries of ſuch circles as 
© Ab [whoſe diameters are Chords] do conſtitute 
the Solidity of the Sphere [by Sec. XI.] : 

And the Sum of an infinite ſeries of ſuch circles 
as Oab, ['viz, whoſe Diameters are Ordinates of the 
Ellipſis] do conſtitute the Solidity of the Spheroid. 

Therefore DD: dd: : 0.52 2:6 DDD : 0.5236 Ddd 
=the Solidity of the Spheroid, { Zucl. 5. 12. 

But 0.5236 Ddd=4 of the Cylinder, whoſe dia- 
meter is d, and height D [by Sect. V.] 

Now from this proportion between the ſphere 
and its inſcribed Spheroid, it will be very eaſy to de- 
duce Theorems for finding the ſolid content either 
of the Fruſtum or middle Zone of any Spheroid, 

having the ſame height with that of the ſphere; for, 


As 


* 
* * 
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See the Worx. 
18 18 from 7854 
9 9 ſubtract 189 
162 9 remains. 70686 
Add 27 SES 62832 
dr 9 7854 
Sum 189 3) 81 Square. 


144) 148. 440601. 0g 
27a Third. 144 | 


Height 14.25 Feet. 444 
Area Baſe 1.03 Feet. 432 
4275 | 12 

14250 


volid Content 14.6775 Feet. 


324 The Square of 18. 0 
162 The Rectangle. 
81 The Square of 9, 


| —— 


567 The triple Square of a mean Diameter, 


7854 
567 


54978 
47124 
39270 
144) 445.3218 (3.09 ; 
———— 4.5 a third of the Height. 
330: — 
1545 
36 2163 
1236 


The Solidity 14.6775 


—  —— 


* — 


— — — — — . 
— — — ER — — —— —U—— 


— — 
— > 


= — — 


— 
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To find the ſuperficial Content, 


By Chap. I. Set. IX. Prib/cm 2. you will find 
the circumference of the greater haſe to be 56.5488, 
and of the leſſer baſe 28.2744 ; the Sum of both is 
84.8232; the half Sum is 42.4116; which multi- 
plied by 14.25 Feet, and the Product is 604-36, &c. 
which divided by 12, the Quotient is 50.36 Feet 
the curve-furface z to which add the Sum of the two 
baſcs, 2.21 Feet; the Sum is 52.57 Feet, the whole 
ſuperficial Content. 


— — — — — — 


SIX. To meaſure the Fruſtum A a rect- 
angled Pyramid, called a PRISMotd, 
whoſe Baſes are parallel io one another, 
but diſproporticnal. 


The R YL £& 


O the greateſt” length add half the leſſer 
length, and multiply the ſum by the breadth 
of the greater baſe, and reſerve the Product, 


Then, to the leſſer length add half the greater 
length, and multiply the ſum by the breadth of the 
leſter baſe, and add this proc uct tothe other product 
reſerved, and multiply that Sum by.a third Part of 
the height, and the product is the ſolid Content. 


Example. 


=, 5. a wy = ww. 


8 4 


of 


le, 
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Example. Let ABCDEFGH be a Priſmoid given, 
the length of the greater baſe AB 38 inches, and its 
breadth AC 16 inches; and the length of the leſſer 
baſe EF is zo inches; and its breadth 12 inches, and 
the height o feet; the ſolid content is required. 


To the greater length AB 38, add half EF the 
leffer length 15, the ſum is 53 ; which multiply by 
16, the greater breadth and the product is 848, 
which reſerve. ; 


Again, To EF zo, add half AB 19, and the ſum 
is 49; which multiply by 12 (the leſſer breadth EG) 
the product is 588; to which add 848, (the reſerved 
product) and the ſum is 1436; which multiply by 2, 
(a third part of the height) and the product is 2872 
divide this produ®t by 1 44, and the quotient is 19.94 
ſcet, the ſolid content. 


Q 2 | 38 


| + 
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38=AB., 30 EF 
15 = Half EF 19 Half AB 
53 49 
16=AC 12=EG 
318 | 588 
334 
848 
_58p 
1436 
2==2 third part of the ar. 


— 


144) 2872 (19.94 feet, the content. 


1422 
1360 
640 


— — 


64 
To prove this RULE. 

Let us ſuppoſe the ſolid cut into pieces, ſo as to 
make it capable of being meaſured by the foregoing 
Rules, thus: Let ABCD repreſent the greater baſe, 
and EFGH the leffer baſe ; and let the ſolid be ſup- 
poſed to be cut thro? by the lines ac, bd, and , gh, 
ſrom the top to the bottom ; ſo will there be a paral- 
lIelopipedon having its baſes equal to the leſſer baſe 

LFGH, and its height 6 feet equal to the height of 


the ſolid: —- 

A a þ B Multiply zo, 
1 | |—| / the length of 
E. F the baſe by 12 


(the breadth 
thereof,) and 
1 |G H|__ |, the product 15 
* _—_—4 F260; wh 
Cc d D multiplied by 
the height 6 
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— and the product is 2160, Then there are two 
edge · like pieces, whoſe baſes are al EF, and G Head 
if theſe two pieces be laid together, the thick end of 
one to the thin end of the other, they will compoſe a 
rectangled Parallelopipedon; which to meaſure, mul- 
by ws length of the baſe go, by its breadth 2, and 
the product is 60; which multiphed by 6 (the height) 
the product is 360. Then there are two other wedge- 
like pieces, whoſe baſes are Eg, and HH; cheſe 
two laid together will compoſe a rectangled Parallelo- 
pipedon ; to meaſure this, multiply the length of the 
baſe 12, by the breadth 4, the product is 48; which 
multiplied by 6, (the height) the product is 288. 
And l[afily, there are four rectangled Pyramids, at 
each corner one; which to mealure, multiply the 
length of one of the baſes 4, by its breadth 2, the pro- 
duct is 8 ; which multiplied by 2, (a third part of tlie 
height) the produ is 16, and that multiplied by 4, 
(becauſe there are four of them) the product is 64. 
Then add all theſe together, and the Sum is 2872; 
and divide by 144, the Quotient is 19-94 feet, the 
{ame as before ; which ſhews the Rule to be true. 


See the Worx. 
12 30 12 4 
30 2 41 8 
1 — — — pou 
360 60 48 8 4 
6 6 6 2 
2160 360 288 16 
360 4 
288 — 
64 64 


144) 2872 (19.94 Feet, the whole Content. 


64 Q 3 To 


_ — — — 


_——> — — 


— ͤ—— OT” 1 
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To find the ſuperficial Content. 


Half the Perimeter of the greater baſe is 54, and 
half- the Perimeter of the leffer baſe is 42, which 
added together the ſum is 96, which multiplied by 
6, (the height) the product is 5763 divide this pro- 
duct by 12, the Quotient is 48 feet; to which add 
the ſum of the two baſes 6.72 feet, and the ſum 1s 
54.72 feet, the whole ſuperficial Content. 


* 
— 


— — — 


§ X. To 080 a CyLINDROIůU; that 
is, @ Fruſtum of 4 Cont having its 
Baſes parallel to each other, but unlike. 


Thi RUL E. 


O the longeſt diameter of the greater baſe add 

half the longeſt diameter of the leſſer baſe, 

and multiply the ſum by the ſhorteſt diameter of the 
greater baſe, and reſerve the product. 


Then, to the longeſt diameter of the leſſer baſe 
add half the longeſt diameter of the greater baſe, 
and multiply the ſum by the ſhorteſt diameter of the 
leſſer baſe, and add the product to the former reſerved 
ſum, and that ſum will be the triple ſquare of a mean 
diameter; which multiplied by .785 4, and that pro- 
duct multiplied by a third part of the height, the 
product is the ſoliq-Content. 


Example. 
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Example. Let AB 3 
CD be a Cylindroid, 
whoſe bottom baſe is 
an Oval, the tranſ- 
verſe Diameter being 
44 inches; 'and the 
conjugate Diameter 14 
inches; and the upper 
baſe is a circle whoſe 
Diameter is 26 inches, 


and the height of the | 


Fruſtum is 9 feet; the 
ſolidity is required. 


J 
WV 
=> 


To 44 (the'greater 
Diameter of the lower 
baſe) add 13, half the | 
Diameter of the leſſer 


baſe, the ſum is 57; 3 I 
which multiplied by | 

14 (the conjugate Di- F 
ameter of the greater | 
baſe, the product is 798, which reſerve. Then to 26 
(the Diameter of the leſſer baſe) add 22 (half the 
tranſverſe Diameter of the greater baſe) and the 
ſum is 48; which multiplied by 26 (the Diameter 
of the leſſer baſe) the product is 1248 ; to which add 
the former reſerved, the ſum is 20.46 ; which mul- 
tiplied by .7854 (the product is 1606.9284 ; which 
multiplied by 3, a third part of the height) the pro- 
duct is 4820.7852 ; which divided by 144, the quo- 
tient is 33-47 feet, the ſolid Content. 


1, 
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See the Worx, 


26 B. 
Half AB, | 22 = Half CD. 
| 43 Sum. 
26 B. 
288 
96 


reſerved. 1248 | 
| g 798 Add. 
4 _ 2046 


— 


XY ENS $184 
10230 
16368 


14322 


_—_—_. 


1606.9284 
3 
14404820. 78052 (33.47 
500 


110 


This Rule being the ſame with that in the laſt 
ſection, the proof of that may ſerve as a fufficient 
proof of this, if what has been before written be 
well conſidered. 4 
0 
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To find the ſuperficial Content. 


To the periphery of the Ellipſis 97 41 add the 
periphery of the circle $1.68, and the ſum 1s 179. 
og; the half thereof 89.545, multiplied by q, the 
product is 805. 905; which divided by 12, the 
quotient is 67. 16 feet; the curve - ſurface: then the 
area of the Ellipſis is 3. 36 feet, and the area of the 
circle is 3.68 feet ; both which added to the curve- 
ſurface, the ſum is 74.2 feet, the whole ſuperficial 
content, 


5 XI. Of a SPHERE, or GLOBE. 


Seu, or GLoBs, is a round ſolid body, 

every part of whoſe ſurface is equally diſtant 

from a point within it, called its center; and it may 

be conceived to be formed by the revolũtion of a 

ſemicircle round its diameter. To find its ſolidity, 
this is 


The R UI. E. 


1. Multiply the axis or diameter into the eir- 


cumference, the product is the ſuperficial content; 
which, multiply by a ſixth part of the axis, the pro- 
duct is the ſolidity. 


2. Or thus: As 21: 11 :: ſo is the cube of the 
axis to the ſolid content. 


3. Or,as 1 :isto.,5236;: : ſo is the cube of the 
axis-to the ſolid content. 


Example. 


* 
= - —— — — — — — 
— - 
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Example. Let ABCD be a Globe whoſe axis is 
20 inches, then the circumference will be 62.832 : 
Then by the firſt Rule, multiply the circumference 
by the axis, and the product will be 1256.64, which 
is the ſuperficial content in inches ; take a ſixth part 
thereof, which is 209.44, (becauſe an exact ſixth 
part of 20 cannot be taken) multiply that ſixth part 
by 20, (the axis) and the product is 4188.8, the ſo- 
lidity in inches. Or, if you multiply the fuperficial 
content by the axis, and take aa ſixth part of the 
product, the anſwer will be the ſame. | 


Or thus, by the ſecond Rule : 


The cube of the axis is 8200, which multiplied 
by 11, the product is 88000: which divided by 21, 
the quotient is 4190.47, the ſolidity. 


Or, by the third Rule: 


If the cube of the axis be multiplied by .5236, 
the product - is 4188.8 the ſolidity, the ſame as by 
the firſt way. If you divide 4188.8 by 1728, the 
quotient is 2.424 Let. 


See the Worx. 
| 62.832 
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62.832 
20 


6) 1256. 275 the ſuperficial Content. 


209. 44 1A ſinth Part. 


20 
4788.80 1 Solidity in Inches, 
As 21: 8000 


11 
21) 88000 (4190.47 The Content. 


40 
190 
100 
160 


13 
A 1.5236 :: 8000 
8000 
17074388, Booo (2-424 2 os su 


7526 
4160 


7040 5 | \ | 


4 


= 


128 A 
' NOTE. If the Axis of a Globe 1, the Solty 


will be $2363 if the Circumſerence be 1, ** 
lidity will be . 016887. 


By Scale au Compaſſes. 


Extend the compaſſes from 1 to 29, (the 6 wil 

that extent turned three times over from .5236, 

at the laſt fall upon 4188.8, the ſolid Content in 

inches. Or, extend the. conipaſſes from 1728 to 

8000 (the cube of the Axis) that extent will reach 

from .5236 10 2.424, the conteut in Feet, 
Extend 


W 


= 


« CALLS - 
* 


| 
| 
J 
ö 
{ 


ST 

2 — 
= - —— 

8 = 


ever you draw the line EH or IM, or &c. 
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Extend the compaſſes from 1 to 20, (the Axis) 
that extent turned twice over from 3.1416, will at 
laſt fall upon 256.64, the ſuperficial content in 
inches. Or, extend the compaſſes from 144 to 400, 
(the ſquare of the Axis) that extent will reach from 
3-1416 to 8.72, the ſupererficial content in feet. 


DEMONSTRATION. 


Every ſphere is equal to a cone whoſe perpendi- 
cular Axis is the Radius of the ſphere, and its baſe 
a plane, equal to all the ſurface of it. | 

For you may conceive the ſphere to conſiſt of an 
infinite number of cones, whoſe baſes, tak en all to- 
gether, compoſe the ſurface, and whoſe yertexes 
meet altogether in the center of the ſphere : Hence 
the ſolidity of the ſphere will be gained by multiply- 
ing its ſurface by + of its Radius, 


A 2 B Let the ſquare AB 
CD, the Quadrant 
CBD, and the right- 
angled Triangle AB 
D be ſuppoſed all three 
to revolve round the 
line BD as an Axis; 
then will the ſquare 
generate a Cylinder, 
| the Quadrant an He- 
miſphere, and the 'Tri- 

angle a cone, all of the 
C D ſame baſe and altitude 


Then the ſquare of EH (=DFD=[JFH+0 


DH (but DH=GH. And fince circles are as the 


ſquares of their diameters, (by Euclid, 12, 2.) the 
circle made by the revolution of EH muſt be equal to 
both the circles made by the motions of FH and GH. 


I cam take the circle made by the revolution of 
FH 


rom both, there will remain the circle made by 
the motion of GH, equal to the Ring defcribed by 
the motion of EF, and thus it will always be, where- 


Therefore 


* 
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As the ſolidity of the whole ſphere : is to the ſo- 
lidity of the whole Spheroid : : ſo is any part of the 
ſphere, to the like part of the Spheroid. 

As for inſtance, ſuppoſe it was required to find 
the middle Zone of any Spheroid. 


Let D=TS and d Nu as above, and HB. 
x= AM, and c=am. * ey 
[ Sphere. 


Then, EM H=the middle Zone of the 
3-8197 


And 0.5236 DDD : 0.5236 44D : 2DD+xx,.17 
3-8197 
20dH . _xxddH 
3.8197 3.8197 DD 
Spheroid. 
Again, DD dd :: xx: ce. Therefore 5j ce. 


e 8 
Conſequeptly, DD 55.8 1979 / HI. W. liel, 


= the middle Zone of the 


* 
* 


being taken inſtead _ 555 there will ariſe 
This following Theorem, E Xx H = the 


middle Zone of the Spheroid. 
NOTE, That 3.8197 =1.2732X3-. See p. 109. 


ct. : 
— — * 


XIII. Of a Parabolic CONOID. 


PARABOLIC Conoid is ſomething like an 
half Spheroid, having its ſides ſomewhat 
ſtraighter. It is generated by ſuppoſing a Semi- 
Parabola turned about its axis. To find the ſolid 
Content thereof, this is 
8 


The RUL E. 


Multiply the ſquare of the diameter of its baſe by 
7854, and multiply that product by half the height. 
that laſt product ſhall be the ſolid Content, 


8 oy 


, 


4 
5 2 
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Bm 


"TTY * 


Let ABCD be a Para- 
bolic Conoid, the diameter 
of whoſe baſe is 36 inches 
and its height CD 33 
inches; the ſolidity is re- 
quired, F 


B 


* W 


> 


36 7864 107.8784 

3 1296 33 

216 4124 30536352 
108 70686 30536552 
— 15788 —ñ„n%„∘ 


1296 7854 2) 3:589.5872 


— — — — 


1017.8784 16794. 9936 
1728) 16794. 99136 (9.71 Feet, the Content. 
15552 


12429 Fg 
12096 

3339 

1728 


1611 


DEMONSTRATION. 


The Parabolic Conoid is conſtituted of an infinite 
number of circles, whoſe diameters are the ordinate 
cf the Parabola, Now, according to the property 
of every Parabola, it will be, SA: AB; * 


1. 2 = L, the Latus Reflum. 


- SA | 
a 0 Then 
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SaxlI.=[7ba, . 8 
Then ö Sex IL. ◻ ye, 
SyxL=[D7gy, Oe. 

Here Sax L, Sex L, Sy x L, 
De. are a ſeries of terms in 7 
arithmetical progreſſion. | 

Therefore [J a, OU fe, UU 8 
9 „, Kc. are alſo a ſeries of 3 — 
terms in the ſame progreſſion, 
beginning at the point 8, 
wherein [7] A B is the greateſt 
term, and SA the number of all the terms. There- 
fore [JABXiSA=the ſum of alt the ſeries, (by 
Lemma II.) 

Conſequently, OABxi4SA=the ſum of all the 
ſeries of Oba, © fe, Og y, &c. which do conſtitute 
the ſolidity of the Conoid. 

Put D=2AB and H=SA. 

"Chen .7854 DDE HS. 3927 DDH will be the 
ſolid content of the Conoid, which is juſt half the 
Cylinder whoſe baſe is =D, and height H. 

This being rightly underitood, it will be eaſy to 
raiſe a theorem for finding the lower Fruſtum of any 
Parabolic Conoid. | 

For ſuppoſing h=aA, the height of the Fruſtum, 
and p==Sa, the height of the part 686 cut off; then 
h +p==SA, the height of the whole Conoid. 


8 
Conſequently 2222 
= the ſolidity of the wh Co- 4 
noid. | 
And. the ſolidity of | 
the part _ off, — 


. 


8 2 Therefore 
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©OABXd+OA Bxp—O©dbaxp. 


Therefore]! ö 2 
| the ſolidity of the Fruftum. 
Butſzh p: U AB:: p: [3ba. 
Conſequentlyſ sh p: OAB: :p: © ba. 

3 HO ABR p Ob Xh Oda x p. 
4—Obax ο ABT p: ON p == Oba Xh, 
726 ah Xh:+© ABXp:—O©Obaxp. 

=27T7., 
6—5]-|OABXh=2F :—Oba c h. 
7+ ©baxh|8|DAB Nh: 4 ©baxh=z F. 


ow : x h=E, the Tiuſ- 


82 9 


tum's Solidity. 


Let D=2 Az, as before, and d= 26a, the diame- 


ter of the part cut off, then we ſhall have this fol- 
lowing Theorem. 


„„ :* h = the Solidity of 
the Frultum required. Which in words 1s thus : 


Multiply the ſum of the ſquares of the greater and 
leſſer diameters by .3927, and that product by the 


height of the Fruſtum, the laſt product ſhall be the 
ſolid Content. 


ee 


6 XIV. Of a Parabolic SPINDLE. 


F an accute Parabola be ſuppoſed to be moved 
about its greateſt ordinate, it will form a Solid 


called a Parabolic Spindle. To find the ſolid Con- 
tent, this is 


The 
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e R UI. E. 


Multiply the ſquare of the diameter of its greateſt 
circle by. 4188 (being +4 of 7854) and that pro- 


duct by its length, that laſt product is the ſolid con- 
rent, | | 


4 


Let APCD be a Parabolic Spindle, whoſe greateſt 


diameter CD is 36 inches, and its length AB 99 
inches; the Tolidity is required. 


36 C“ 41888 "ua 
36 1296 a 
216 251328 
108 376992 
8 83776 
1296 ſqu. 41888 
54286848 7 
99 CH 
488581632 | 
488581632 


1728)53743.97952(3 1.10184 
1903 
1759 
3179 
145¹5 
6912 


, «++ * 


The ſolid content is 31-10184 feet. 


: 
6 
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DEMONSTRATION. 


A Parabolic Spindle is conſtituted of an infinite 
ſeries of circles, whoſe diameters are all parallel to 


the axis of a Parabola, as Oma, One, Opy, &c. 


Let us ſuppoſe the 150 8d parallel to AB, Oc. 
then it hath already been proved, that the lines f m, 


. 


by . 
15% U &c. are a ſeries of {quares whoſe roots Tre in 
arithmetical progreſſion ; conſequently their ſquares 
vin. Ofm, Ogn, U, Oc. will be a ſeries of Bi- 
quadrats, whoſe roots will be in arithmetical progreſ- 
ſion: which being premiſed, we may proceed thus: 


| i (SA ma. 
Firſt, 2 5 n=. 
& 13 | S2A—PED 
18214 QSA—2SA xn n Ina. 
2&2 | 5 | OD SA-—2SA 488. 
36-24 6 USA 28A x οα = = U, &c. 


1. In theſe equations, the SA, USA, USA, 
being a ſeries of equals, and AB the number of all 
the terms; therefore it will be USA * * = the 
ſum of all the ſeries, by Lemma l. 


2. Becauſe ſm, gn, hp, &c. are a ſeries of ſquares 
wherein SA is the greateſt term, and AB the num- 
ber of all the terms; _ | 
| aSAXSAXAB 2QOSAXAB 


therefore 


; will be the ſum 
of all the ſeries, by Zemma III. 


3. And 
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3- And the [Jfm, Un, U. &c. will be a ſeries 
of terms in the ratio of Biquadrats, as above, [SA 


being the greateſt term, and AB-the number of all 
(8A) XAB _ 
the terms; therefore ir will be — = the 


ſum of all the ſeries, by Lemma V. 


Whence | is follows, that U 8A * AB— — — 
OSA * AB 


2 5 
Une, U, &e. 


That is „ar AB =the ſom/of An Me ſeries, 
DIma, Ine, py, &c. Conſequently, — — 


the ſum of all the ſeries of circles. © a ©" ne, 


Op, &c. which conſtitute the HOPE of half the 
Spindle, vis. of SAPB, 


THO puttin D=584; and H AB, it 
il be 0.41888 DDH= the folidity, of the whole 


Parabdlic pindle 8B, being 45 of © 8 DDE, 
the ſolidity bfi its circumſeribing enn 


From hence we may alſo raiſe a theorem for find- 
ing "the fruſtum SA of the laſt figure. 


For OSA being the greateſt term, Ogy the leaſt 
term, and Ay the number of all the terms or circles 
— between A and . 


Sthe ſum of all the ſeries G Ima, 


There; 
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3 
fore, _ J the ſum of all the ſeries, (SA, Ona, 
(ne, Ly. . - 
59588 x1p4 E. 8 


SA—28A x UN- Qlp, per Step 6 
SATA -C 


208A TC —-IU = 


5+ 2 

Conſeq. . On: x Ay==z, the 
ſum of all the ſeries of OS A, Oma, One, Opy, 
which do conſtitute the ſolidity of the fruſtum 8A 


— 7 — — 
* 


Therefore putting D =2SA, as before, C=2py, 
x=2hp, and H=Ay, it will be 1.57508 DD+.7854 
CC—.31416 xx: Xx + H=the fruſtum SApy. And if 
we make L= 2 H, then 1.708 DD +.7854 CC 
+31416 Rx: XL the double of that fruſtum, being 

e middle Zone: Which in words is thus: _ 


Multiply the ſquare of the greateſt diameter by 
1.5708, and multiply the ſquare-of the leſſer dia- 
meter by .7854, and multiply the ſquare of the 
difference of the diameters by . 31416; from the 
ſum of the two former products ſubtra& the latter 
product, and multiply the remainder by one third 
rt of the length, and that product will be the 


80 


olidity of the middle Zone required. 


232 
e ge + 5 © Ay 
5 
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CHAP. III. 
Of Meaſuring of the Works of the ſeve- 


ral Artificers relating to Building; and 
what Methads and Cuſtoms are obſerved 


therein. 


— m— 
* — 


§ I. Of CARPENTERS WORK. 


THE Carpenters Work which are meaſurable, 
1 are, Flooring, Partitioning and Roofing ; all 
which are meaſured by. the ſquare of 10 feet long 
and 10 feet broad; ſo that one ſquare contains 100 
ſquare feet. | 12 


1. Of Flooring. 


If a Floor be 57 feet 3 inches long, and 28 feet 
6 inches broad, -how many ſquares of Flooring are 
there in the Room? 


Multiply 57 feet 3 inches by 28 feet 6 inches, 
and the product is 163 1 feet, c. which divide by 
100 (this is done by cutting off from the product 
two figures towards the right hand with a daſh of 
the pen) the remaining figures are the -quotient, 
and the figures cut öff are feet, Thus, 1631 di- 
vided by 100, by cutting off 31 from che right hand 
thereof the quotient 'is 16 ſquares, and 31 cut off 
is 1 feet. | 

See the Work both by decimals, and alſo by feet 
and inches, | | 


57-25 
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Part II. 
. I. 
57-21 WF. 3 
28.5 28 6 
28625 25 456 
45800 114 . 
11450 28 7 6 
— 17198 
1631.62 5 — — 
1631 7 6 


Facit 16 Squares and 31 Feet. 

NOTE, That, . s is the decimal for a half of any 
thing, . 25 is the decimal for a quarter; and 125 is 
the decimal for half a quarter; fo, in the laſt Zx- 
ample, .25 is the decimal of 3 inches, becauſe 3 
inches is a quarter of a foot; and 5 is the decimal 
of 6 inches, becauſe 6 inches is half a foot. 

Example 2. Let a Floor be 53 feet 6 inches long, 
and 47 feet 9 inches broad, how many Squares are 
contained in that Floor ? 


47-75 $3 6 
53-5 400.9 
23875 371 
14325 212 
23875 N 3 
2554625 r 


| : 2-0 
Facit 25 Squares and 54 Feet. 
By Scale and Compaſſes. 


In the firſt Example extend the Compaſſes from 1 
to 28.5, that extent will reach from 57.25 to 16 


ſquares and near a third part. 


In the ſecond Example, extend the Compaſſes from 

1 to 47.75, that extent will reach from 53.5 to 25 
ſquares and above an half. 

2. Of 
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2. Of Partitioning. 
Example 1. If a Partition between rooms: be in 
length $2 feet 6 inches, and in height 12 feet 3 
inches, how many ſquares are contained-therein ? 


The length and breadth being multiplied toge- 


ther, the product is 1010.625 ; which divided by 
100, (as before is ſhewn) and the anſwer is 10 
ſquares 10 feet ; the inches or parts in theſe caſes 
are of no value, 


I2.25 F. | 

82.5 82 6 

12 3 

6125 | — 

2450 990 o 
co 8 
10110. 625 1010 7 6 


Facit 10 Squares 10 Feet. 


Axample 2. If a Partition between rooms be in 
length 91 feet 9 inches, and in breadth 11 feet 3 
inches, how many ſquares are contained therein ? 


The length and breadth being multiplied t 


ther, the product it 1042 feet; which divided by 


1CO, the anſwer will be 10 ſquares and 32 feet. 


91.75 J. J.. 
11.25 91 9 
8 
45875 e N 
18:50 1009 3 
9175 r 
9175. breed Pere 
1032 2 3 


10 32.1875 


3.07 
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3. Of Roofing. 


It is a rule amongſt workmen, that the flat of any 
houſe and half the flat thereof taken within the 
walls, is equal to the meaſure of the roof of the ſame 


' houſe ; but this is when the roof is true pitched. 


For if the roof be more flat or ſteep than the true 
pitch, it will meaſure to more or leſs accordingly. 


Example 1. If a houſe within the walls be 44 
feet 6 inches long, and 18 feet 3 inches broad, how 
many ſquares of roofing will cover that houſe ? 


Multiply the length and breadth together, and the 
product is 812 feet, the flat; the half rhereof is 
406 feet, which added to the flat, the ſum is 1218 
feet; which divided by 100, the ,anſwer is 12 
ſquares and 18 feet. 


EL 
18.25 44 6 
44-5 18, 8, 
9125 352 
7300 44 | 
7390 | C38; 1.0 
| 9.0 © 
Flat. 812.125 | — 
Half. 406 The Flat. 812 1 6 
— — The Half, 406 
12018 
Sum. 1218 
Facit 12 Squares 18 Feet 
By Scale and Compaſſes. 


In the ſirſt Example of Partitioning, extend the 


compaſſes from 1 to 12.25, that extent will reach 
from 82.5 to 10 ſquares and one tenth. 

In the ſecond Zxample, extend the compaſſes from 
to 11.25, that extent will reach from 91.75 to 10 
tquares, and a little leſs than a third part. 

: n 


— — 
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In the Example of Roofing, extend the Compaſſes 
from 1 to 18.25, that extent will reach from 44.5 to 
812, the flat; to which add the halt thereof, and 


the ſum is 12.18, which is 12 Squares 18 Peet, as 
above. ; 


There are other Works about a Building, done by 
the Carpenter, that are meaſured by the foot, run- 
ning meaſure, that is, by the number of feet in 
length only ; as Cornices, Doors and Cafes, Window 
Frames, Guttering, Lintels, Sommers, Skirt boards, 
Ce. * ways - THE: 


NOTE 1. Ia meaſuring of Flooring, after you 
have meaſured the whole Floor, you muſt deduct out 
of it the Well- holes for the Stairs and Chimneys ; 
and in Partitioning, for the Doors, Windows, &c. 
except (by agreement} they are to be included, 


NOTE 2. In meaſuring of Roofing, ſeldom 
any deduQtions are made for the holes for the Chioi- 
ney Shafts, the vacancies for Lutheren-Lights and 
Sky- Lights; for they are more trouble to the Work- 
man, than the Stuff which would cover them is 
worth. | 


— — —— 


6 U. O7 BRICKLAVERS WORK, 


T HE principal is Tiling, Walling, and Chim- 
ney-Work. _ | 1 


1. Of Tiling. 


Tiling is meaſured by the ſquare of 10 feet, as 
Flooring, Partitioning and Roofing were in the Car- 
penter's Work; ſo that between the Roofing and 
Tiling, the difference will not be much, yet the 
Tiling will be the moſt ; for the Bricklayers ſome- 

T times 
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times will require to have double meaſure for Hips 
and Vallies. When Gutters are allowed double 
meaſure, the way is to meaſure the length along 
the ridge Tile, and by that means the meaſure of 
the Gutters becomes double; it is uſual alſo to allow 
double meaſure at the Eaves, ſo much as the pro- 
jecture is over the Plate, which is commonly about 
12 or 20 inches. 


Example 1. There is a Roof covered with Tiles, 
whoſe depth on both ſides (with the uſual allow- 
ance at the Eaves) is 37 feet 3 inches, and the 
length 45 feet; 1 demand how many Squares of 


Tiling are contained therein ? 
. 
99 37˙25 
45 © 45 
185 18625 
148 14900 
11 3 3 
| 1676.25 
1676 3 


Anſwer. 16 Squares 76 Feet. 


Trample 2. There is a Roof covered with Tiles 
whoſe depth on both fides (with the allowance at 
the Eaves) is 35 feet 9 inches, and the length 
43 feet 6 inches; I demand how many Squares of 
Tiling are in the Roof? VOY 
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F. I. 
43 6 35 75 
3 43-5 
215 17875 
129 10725 
21 9 14300 
10 10 6 — — 
17 6 15055. 125 
1555 1 6 


Here the length and depth being multiplied to- 
gether, the product is 1555 feet; which divided by 
100, (as before is taught) the anſwer is 15 ſquares 
and 55 feet. * 


* 


By Scale and Compaſſes. 


In the firſt ZExnmple, extend the compaſſes from 
x to 37.25, that extent will reach from 45 to 16 
ſquares, and a little above three quarters of a ſquare. 


In the ſecond Example, extend the compaſſes from 
to 35.75, that extent will reach from 43.5 to 15 
22 and 55 feet, that is, a little above @ half 
4 


uare. 


2. Of Walling. 


Bricklayers commonly meaſure their work by the 
rod-ſquare of 16 feet and a half; fo that one rod 
in length and one in breadth, contain 272.25 ſquare 
feet; for 16.5 multiplied in itſelf, produces 272.2 
ſquare feet: But in ſome places the cuſtom is to al- 
low 18 feet to the rod, that is, 324 ſquare feet; 
and in ſome places the uſual way is to meaſure by 
the rood of 21 feet long and 3 feet high, that is, 
63 ſquare feet ; and here t never regard the 
thickneſs of the wall, but the uſual way is to mode- 
rate the price according to the thickneſs, 


T 3 But 
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But in Ireland they meaſure by a perch of 21 feet 
in length, and 1 foot in height, without any regard 
to thickneſs in the meaſure, eſpecially in ſtone- work. 


When you meaſure a piece of Brick-work, the 
firſt thing is to enquire by which of theſe ways it 
muſt be meaſured, then having multiplied the length 
and breadth in feet together, divide the product by 
the proper diviſor, either for rods, or roods, and the 
quotient is ſquare rods or ſquare roods accordingly. 


But in England, commonly Brick walls, that are 
meaſured by the rod, are to be reduced to a Standard 
thiekneſs, viz. of a brick and a half thick, (if it 
be not agreed on to the contrary) and to reduce a 


wall to ſtandard thickneſs, this is 


TY RYU 4 £& 


Multiply the number of ſuperficial' feet that are 
found to be contained in any wall, by the number 
of half bricks which that wall is in thiekneſs, one 
third part of that product ſhall be the content there- 
of in feet, reduced to the ſtaudard thickneſs of ons 


brick- and a half. 


Example 1. If a' wall be 72 feet, 6 inches long, 
and 19 feet 3 inches high, and 5 bricks and a halt 
thick, how many rods of brick-work are contained 


therein when reduced to the ſtandard ? 


19.25 
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19.25 Height. 
72.5 Length. 


9625 
3850 


13475 


— — — 


1395.625 
11 


3)15351.875 


— — — 


252.25)5117.261(18 Rods. 


239479 


209 


68 · 06) 2167903 Quarters of a Rod. 


12.61 
Anfever. 18 Rods, 3 Quarters, 12 Feet. 
* 


3)15345- 
272)5115{18 Rods.. 


2395 


- 
- 


68)219(3 Quarters of the Rod. 


15 
2 


9 
+< 0a WF a \ * 


— —— —ꝛ—Z ———— — BU — 
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NOTE, that 68.06 is one fourth Part of 272.25. 


NOTE alſo, That in reducing of Feet into Rods, 
they uſually reje& the odd Parts and divide only by 
272, as is done in that ſecond Way of the laſt Zx- 
ample ; ſo the Anſwer, by that ſecond Way, is 18 
Rods, 3 Quarters, and 15 Feet, more by about 24 
Feet than by the firſt Way, where it is, done deci- 
mally ; a Thing very inſignificant. 


Example 2. If a Wall be 245 Feet ꝙ Inches long, 
and 16 Feet 6 Inches high, and 2 Bricks and a half 
thick; I demand how many Rods of Brick work are 


contained therein, when reduced to Standard Thick- 
neſs ? | 


245.75 
16.5 ' 
122875, 
147450 
24575 


4054-875; 
5. 


320270 
272)6756(24 Rods 
1316 


68)228(3 Quarter of a Rod. 


—— —24 


8 
Anſwer. 24 Rods, 3 Quarters, 24 Feet. 
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. 

343 9 

16 6 

147 

245 | 

122 10 6 ; 
120 © 


4054 10 6 Anſeuer in Feet. 


- Before I ſhew how to work the two laſt 7 
by ſcale and compaſſes, I will ſhew how to | 
proper diviſfors to facilitate the operation, becauſe it 
would be too intricate and tedious to perform by ſcale 
and compaſſes, according to the rule above taught. 


To find the proper Diuiſort. 


Divide 3 (the number of half bricks and 1 and 4) 
by the number of half bricks in the rhickneſs, the 
- quotient will be a diviſor which will give the anſwer 
in feet, But if you would have a diviſor to bring 
the anſwer into rods at once, then multiply 272.2 
by the diviſor found for feet and the product 
be a diviſor which will give the anſwer in rods. 


Example. Let it be required to find a diviſor pro- 
per to reduce a wall to three bricks thick. 2 


Divide 3 by 5, (the half bricks in the thickneſs) 
and the quoticht is 5, which is a diviſor that will 
give the anſwer in ſeet. Then multiply 252.25 by 
-5, and the product is 136.125, the diviſor which + | 
will give the anſwer in rods; that is, as 1 36.125 is 
to the length of the wall, ſo is the height to the 
content in rods. Or, as-.5 is to the length, ſo is 
the height to the content in fees. 


Ali: 


1 — — — 


expreſſed in the following little Table. 
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After the ſame manner you may find diviſors for 
any other thickneſs, which you will find to be as 


Divifols | Diviſore for 


Pp a 
The Thickneſs of the | for the | bringing the 
- Wall. Anſwer | Anſwer in 
m Feet. | Rods. | 
1 Brick thick r. 5 408.375 
1 and half Brick thick 1. 272.25 
| 2 Bricks thick | "og 204 1875 
2 and half Bricks thick | .6 1163.35 4 
3 Bricks thick x 136.125 ö 
3 and half Bricks thick | . 4285 | 116.658 
f 4 Bricks thick 375 102.0937 | 


Let the ſecond Example, aforegoing, be wrought: 
by Scale and Compaſſes; where the length is 245.75, 
he height 16.5, and the. thickneſs is 2 and half 

icks. 


Extend the compaſſes from 1163-35 (the tabular 
number againſt 2 and half bricks) to 245.75, that 
extent will reach from 16.5 to 24 rods and 8 tenths, 


Again if the length be 75 feet 6 inches, and the 
height 18 feet 9 inches, at 3. and half bricks thick, 
how many rods are contained therein? 


Extend the compaſſes from 116.678 (the tabular 
number) to 18.75, that extent will reach from 75. 5 
10 12.133 that is, 12 rod, and a little above half a 
quarter, | - 


In 
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In Britain it will be very proper and commodious, 
for ſuch as have frequent occaſion to meaſure Brick- 
work, to have 1n the Line of Numbers little Braſs 
Center-pins at each of the Numbers in the third 
column of the above little 'Table, with a figure to 
denote the thickneſs of the Wall. 


If a Wall be 104 feet 9 inches long, and 17 feet 
3 inches high, how many rods are contained therein ? 


N. I. 
194.75 194 9 
17.25 3 
52375 728 
20950 104 
73325 26 2 3 
10475 129 © 
63) 1806.9375 (28 1806 11 3 
126 % | 
— Anſwer. 28 Rods, 42 Feet. 
546 eee 
504 
42 


NOTE, That ſuch as dig Cellars do many times 
do them by the Floor, 18 feet ſquare, and a foot 
deep, being a Floor of Earth, that is, 324 ſolid feet. 
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3. Of Chimneys. 


If you are to meaſure a Chimney ſtanding alone 
by itſelf, without any Party-wall being adjoined, 
then girt it about for the length and the Height of 
the Story is the breadth ; the thickneſs muſt be the 
ſame as the Jaums are of, provided that the Chimney 
be wrought upright from the Mantle-tree to the 
Cieling, not deducting any thing for the vacancy 
between the Floor (or Hearth) and the Mantle-tree 
becauſe of the gatherings of the Breaft and Wings, 
to make room for the Hearth in the next Story. 


If the Chimney-back be a Party-wall, and the 
Wall be meaſured by itſelf, then you muſt meaſure 
the depth of the two Jaums, and the length of the 
Breaſt for a length, and the height of the Story the 
breadth, at the ſame thickneſs your Jaums were of. 


When you meaſure Chimney-ſhafts, girt them 
with a line round about the leaſt place of them, for 
the length, and the height ſhall be your breadth : 
and if they be four-inch Work, then you muſt ſet 
down your thickneſs at one Brick-work ; but if they 
be wrought 9 inches thick (as ſometimes they are, 
when they ſtand high and alone above the Roof) 
then you muſt account your thickneſs one and half 
Brick, in confideration of. Wyths and Pargetting, 
and trouble in Scaffolding. | 


It is cuſtomary in moſt places to allow double 
meaſure for Chimneys, 


Example. 
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Example. Suppoſe this Figure, ABCDEFGHK, 


to be a Chimney 


the top, and a 
double Shaft 
and is to be 
meaſured ac- 
cording to dou- 
ble meaſure. 


Firſt, I begin 
with the Breaſt 
Wall IL, and 
the two angles 


LK and HI, 


which together | 


are 18 feet 9 
inches; then 
take the height 


of the Square 


HF, 12 feet 6 
inches, which 
multiplied to- 
gether produce 
234 feet, 4 
iuches, 6 parts, 


that hath a double Funnel towards 


* 


ji 


> 
— — —— — 
- - - — 
— 


—ͤ—Ü—ä ſ — 


— — 


—— — 
— — 

— 
— 


is 


= = * _— <>— — — — 
— — — 
— — — — 
— — — 
— — — —— 
— — — — 
- — — — 
* 
— 
. 
| 
oy 
| o - 
— — — 
= * — — 
* —— — — 
— — 
— — — - - 
— x * 
- 


l 
111 
ili! 


— 


_ — 
— —— 
3 — 
F 1 = 


— 
- » © - 
—_ 

— 


—— 94% | 
—_ Ke — 
—_ "" 
— — * 
— — 
cow <-> 
PP "IE 0 
„ 
H U Dos | 


I L 


For the Square Da El, the length of the Breaſt 
Wall and two angles, is 14 feet 6 inches, and the 
height Da ꝗ feet, which multiplied together make 
130 feet 6 inches, for the content of the Square 


DaESB. 


Then the height of the next Square 7 feet, and 
the length of the Breaſt Wall and two angles is 10 
feet 3 inches, which multiplied together produce 


BcCd. 


71 feet 9 inches, for the content of the Square 


The 
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The compaſs of the Chimney-ſhafts is 13 feet 9 
inches, and the height 6 feet 6 inches, which multi- 
plied together make 89 feet 4 inches 6 parts, the 
content of the Shafts. 

The depth of the middle Fetter, chat parts the 
Funnels, is 12 feet, and its wideneſs 1 foot 3 inches, 


which multiplied — make 15 feet, the content 
thereof, 


See the Work. 
F. 1. 
18 9 es 
12 6 12.5 
225 © „5 
3 8984 6 | 750 
— Og 1975 
FGHK 234 4 6 "DEW 
Te A 234.37 
24 . n 
14 6 * 14.5 
| 9 © : * 
DaEb 130 5 > DEZ 130.5 
F. I 3 
es, +: 10.25 
hho Aw 3 
5 : 
B:Cd 71 9g BcCd 71.75 
F. I. 
13 2 
6 6 
+ 8 
6 10 6 


'TheShaft 89 4 6 
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F. I. 1 25 
1 | 12 
12 © | 

- The fetter 15.00 

The ſetter 15 © Ep = 2 
. I. Bo 
| FGHK 234 4 6 
272) 1082 (3 rods. DaEB 130 6 © 
— BeCd 71 9 © 

68) 266 (3 quarters. The ſhaft 89 4 6 

— > The fetter 15 0 © 
Rem. 62 feet. — 
The ſum 541 0 © 


The double 1082 o © 


Having added the five products together, and dou- 
bled the ſum, that double ſum is the content of the 
chimney in feet, according to double or euſtomary 
meaſure ; which feet muſt be reduced to rods, as was 
ſhewn before. | | 

So the feet in the foregoing Example being reduced 
to rods (the thickneſs being ſuppoſed 1 and half 
bricks) it makes 3 rods, 3 quarters, and 62 feet, that 
is, 4 rods wanting 6 feet. p 

This is all the meaſure that can be allbwed, when 
the chimney ſtands in a gable, or ſide · wall; in which 
caſe the hack of the chimney (here not meaſured) is 
accounted as part of the gable ; but if the, chimneys 
ſtand by themſelves, as all ſtacks of chimneys 
in great buildings do, which, in ſuch caſe, is all 
chimney-work, and therefore ought to be meaſured . 
double on all ſides, _ : 


+ 


7 


— — 3 


5 UI. Of PLAISTERERS Work. 


T* E Plaiſterero works are principally of tes 

. Kinds, namely, 1. Works lathed or plaiſtered, 

which they call ceiling. 2. Works rendered, which 
U . is 


% 


- 
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The compaſs of the Chimney-ſhafts is 13 feet 9 
inches, and the height 6 feet 6 inches, which multi- 


plied together make 89 feet 4 inches 6 parts, the 


content of the Shafts. 

The depth of the middle Fetter, that parts the 
Funnels, is 12 feet, and its wideneſs 1 foot 3 inches, 
wa 2 together make 15 feet, the content 
thereo 


See the Work. 
F. 1. 
18 9 18.75 
12 6 12.5 
225 B 
4 | 3750 
1 1875 
FGHK 234 4 6 oh 
_ FGHK 234. 
F. I. 2 34-375 
14 6 N 14.5 
C000 
DaEb 130 6 — © DaEb130.5 
F. I. 3 
: 10 1 | 10.25 
F 9 * 
B:Cd 71 9 BeCd 71.75 
. I 
13 9 13.7 
$I 53 
82 6 6878 


The Shaft 89 4 6 The Shaft 89.375 
F. I. 


| . 8p \ ls. do A; 
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F. I. 1.25 
3 12 
12 © 


- The fetter 15.00 
The fetter 15 © | 


. BS > 

| FGHK 234 6 

272) 1082 (3 rods. DaEB 130 6 © 

n — BeCa 71 9 O 
68) 266 (3 quarters. The ſhaft 89 4 6 

— , The fetter 15 o © 

Rem. 62 feet. — 

The ſum 5410 © 


The double 1082 2 0 


Having added the five products together, and dou- 
bled the ſum, that double ſum is the content of the 
chimney in feet, aceording to double or euſtomary 
meaſure; which feet muſt be reduced to rods, as was 
ſhewn before. | 

So the fect in the foregoing Example being reduced 
to rods (the thickneſs being ſuppoſed 1 and half 
bricks) it makes 3 rods, 3 quarters, and 62 feet, that 
is, 4 rods wanting 6 feet. p 

This is all the meaſure that can be allbwed, when 
the chimney ſtands in a gable, or fide-wall; in which 
caſe the hack of the chimney ( here not meaſured) is 
accounted as part of the gable ; but if the,chimneys 
ſtand by themſelves, as all ſtacks of chimneys 
in great buildings do, which, in ſuch caſe, is all 
chimney-work, and therefore ought to be meaſured 
double on all ſides, 


er ET 2 _—_—. 
— — 2 


5 UI. Of PLAISTERERS Work. 


— 


THE Plaiſterers orks are principally of two 5 5 


b Kinds, namely, 1. Works lathed or plaiſtered, 
which they call ceiling. 2. Works rendered, which 
U . is 


%. 


* 
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is of two kinds, vis. upon brick walls, or between 
quarters in the partitions between rooms ;.all which 


are meaſured by the yard ſquare, or quake of 3 feet, 
which is ꝗ feet. 


1. Of CEILING. 


If a ceiling be 59 feet 9g inches long, and 24 feet 


6 inches broad, how many yards doth that ceiling 
contain? a 


Multiply 59 feet 9 inches by 24 feet 6 inches, 
and the product is 1463 feet 10 inches, 6 parts; 


which divided by 9, the quotient is 162 yards, 5 
feet. 


＋— — 


. I. 59 75 
2 24-5 
34 6 | 
21 29875 

236 23000 

118 11950 
29 10 8 — 
18 0 © 9) 1463.875 


1463 1e 6 Anſwer 162.65 


By Scale and Compaſſes. 


Extend the compaſſes from 9g to 59 feet 9 inches, 
that extent will reach from 24 feet 6 inches to 162.5 


yards. 
2. 07 Rendering. 


Exaraple. If the partitions between rooms be 141 
Feet 6 inches about, and 11 feet 3 inches high, how 


many yards are in thoſe partitions ? ? 


Multiply 141 feet 6 inches by 11 1 beet 3 inches, 
and the product is 1591 feet, 10 inches, 6 parts; 


which divided by 9, gives 176 yards 7 feet, the 
_ 


141 


* 
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| . 
141 6 141.5 
TL. 5 11.25 
1556 6 7075 
35 4 6 2830 
- 1415 
9) 1591 10 6 1415 
| 3 9) 159.875 
Anſw. 176 7 — 
FR 176.87 
Anſwer, 176.87 Yards, 


Extend the compaſſes from 9 to 141. 5 that extens 
will reach from 11.25 to 176.87 yards. 


NOTE 1. If there be any doors, windows, or the 


like, in your partitioning, you muſt make deductions 
for them, — 


NOTE 2. When you meaſure rendering upotr 
brick walls, you are to make no deductions; but 
when you meaſure rendering between quarters, you” 


may very well dedu& one fifth part, for the quarters, 
braces, and interſtices. | 


NOTE z. That whiting and colouring are both 
meaſured by the yard, as ceiling and rendering 
were; and as in rendering between quarters you de- 
duct one fifth part, ſo in whiting and colouring you 
muſt add one fourth or one fifth part, atleaſt, 


1 e 


ail... 


* 


* „ 


$ IV. Of JOINERS Work.” 


J OINERS meaſure their work by the yard ſquare; 
but in taking their dimenſions they differ from 
ſome others; for they have a cuſtom, and ſay, 
we ought to meaſure where our plage touches ; where- 

; U 2 & fore, 
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fore, in taking the height of any room, where 
there is a cornice about, aud ſwelling pannels and 
mouldings, they, with a ſtring, begin at the top, 
and girt over all the mouldings, which will make the 
room to meaſure much higher than it is : then, for 
meaſuring about the room, 1 only take i it as it is 
upon the floor. 


Example 1. If a room of wainſcot (being girt 
downwards over the mouldings) be 15 feet g inches 
high, and 126 feet 3 inches in compaſs, how many 
yards doth that room contain ? 


Multiply the compaſs by the height, and the pro- 
duct is 19 88 feet, 5 inches, 3 parts; which divided 
by 9, gives 220 yards and 8 feet, the anſwer, 


1 
GP ae Sn 126.25 
I 20 3 [ 
15 9 1575 
6450 63125 
n 388375 
63 1 6 63125 
31 6 9 12625 
ö 3 
3 9 1988.4375 
901888 $ 3 » ADS LY 
— 220 ;& 
blen 220 ͤ 5 


Fucit 220 yards, 8 feet. 


— ſe 2. If a room of wainſcot be 16 feet, 3 
inches hi = (Þ eing girt over the mouldings) and the 
' compaſs of the room 137 feet 6 inches, how many 


| yards are 4 ey therein? 28 | 


Multiply 137 Fort 6 inches by 16 feet 3 inches, 
and the product is 2234 feet, 4 inches, 6 parts; 
which divided by 9, the quotient is 248 yards and 2 
feet. 137 

a | 


Chap. z. Joiners Work. 221 


* 
137 6 137.5 
16 3 16.28 
830 N 
137 2750 
34 4 6 8250 
=.) | 1 
9) 2234 4 6 — 
* 9) 2234-375. 
248 2 © —̃ͤ —-—ꝶ 
b 248 2 
" #Fatit 248 yards, 2 Feet: 
By Scale and Compaſſes. 


For the firſt Example, extend the compaſſes from 
9 to 126.25, that extent will reach from 15.75 to 
220.8 yards, 3 
For the ſecond Example, ex tend the compaſſcs 
from g to 137.5, that extent will reach from 16.25 
to 248 yards and about a quarter. 75 ee 
In Joiners work there is another thing to be ob- 
ſerved, that is, in meaſuring of doors, window- 
ſhutters, and all ſuch work as is wrought. on both 
ſides, they are paid for work and half work; ſo 
that in meaſuring all ſuch work, you muſt firlt tind 
the content, as before, and take half that content 


and add to it; fa ſhall the ſum be the content at 
work and balf. 8 1 Þþ 


- 


Example. If the window ſhutters about à room 
be 69 feet 9 inches broad, and 6 feet 3 inches high, | 
bey yards. are contained. therein at work and 

alf! 

. Multiply 69 feet 9 inches by 6 feet 3 inches, and 
che product is 435 feet, 11 inches, 3 parts; che half 
whereof is 217 feet, 11 inches, 7 parts j which 
added together, the ſum is 653 feet, 10 inches, 10 
parts: which divided by 9, the quotient is 72 yards, 

5, feet, the content at work and half. 


U3 — 
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F. I. 69.75 
69 6.25 
peg 343875 
418 6 13980 
: oy 5 2 41850 
1 = 
C77 14:7 217.9687 
9) 653 10 10 653.9062 
e 5 Taci 72 yards 5 feet. 
By Scale and Compaſſes. 


Extend the compaſſes from 9 to 69.75, that ex- 
tent will reach from 6.25 to 48.4 yards; the half 
whereof is 24.2, which added together make 72.6 
yards, the content at work and half. 


NOTE, That you muſt make deductions for all 
window. lights; but you muſt meaſure the window- 
boards, ſopheta-boards and cheeks by themſelves. 


—— — 


$ v. Of PAINTERS Work. 


HE taking the dimenſions of Painters work- 

is the ſame as that of Joiners, by girting over. 

the mouldings and ſwelling pannels, in- taking the 
height';. and it is but reaſon that they ſtiould be paid 
for that on which their time and colour are both ex- 
pended. The dimenfions thus taken, the caſting up, 
and redueing feet into yards, is altogether the ſame 
as the Joiners work; but the Painter never requires 
* 3 
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or thrice coloured over. Only take notice, that win - 
dow. lights, window. bars, caſements, and ſuch like 
ching they do at ſo much per piece. 


Example If a room be painted, whaſa height (be- 
ing girt over the mouldings) is 16 feet 8 inches, and 
the compaſs of the room 97 feet —— . 
many yards are in that room! Net 


Multigly 97 feet 9 inches by 16 feet 6 inches 1 
and the Produ& 4s 1612 feet 10 inches, 6 parts; 
which being! divided by g, the quotient is 179 yards,. 
and I. foot 


F., I. 0 5 
97 9 97.25 
x0... : 16.5 
584 48875; 
of”. . 58650 
48 10 6 9775 
9) 1612 10 6 9)1612.8 15(179.1 
179 * Facit 179, Yards, 1 foot. 


By Scale and: Compafloc. 


"Extend the compaſſes from 9.to 16.5, ene | 
will reach from 97.5 to 179.2 yards.. 


—— — 


— — 


8 VI. of GLATZIERS won 


LAZ IE RS. meaſure: their work by the foot 
\ ſquare, ſo that, the length and breadth of a 
* of glaſs in feet, being multiplied into each 


ether produceth the content. 
N ; NOTE, 


224 Men ſuration of © Part II. 
NOTE, That Glaziers do uſually take their di- 


menſions to a quarter of an inch; and in multiply- 


ing feet, inches, and parts, the inch is divided into 
12 parts, as the foot is, and each part ſubdivided 


into 12, Oe. 


Exaniple 1. If a pane of glaſs be 4 feet, 8 inches 
and 3 quarters long, and 1 foot 4 inches, 1 quarter 
broad, how many feet of glaſs in that pane? 


3 12214 ; 2 
* elan of f 4 Lb J 1.354 


P 4 

9 4.729 
3 | 1.354 
9 

1 

2 


5 18916 

© - 23645 

2 14187 

: 4729. _. 

| 6.403066 
Anſeer, 6 feet, 4 inches. 


3 
6 410 2 3 


By Scale and Compaſſes. 


Extend the compaſſes from 1 to 1.354, that ex- 
tent will reach-from 4.729 to 6.4 feet, the content. 


Example 2. If there be eight panes of glaſs, each 


"4 feet 7 inches, 3 quarters long, and 1 foot, 5 inches, 


1 quarter broad; how many feet of glaſs is contained 
in the ſaid eight panes ? | 


gs * 7 Inghes 2 | | 646 
The decimal of {7 — 1 41 
8 F. I. 


L 
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. 4.646 
98 1.437 
l ra — 
— 32522 
41 9 13938 
8 18884 
15 11 3 4646 
6 8 1 8 3 6.67632 
n N 
53 5 1 6 © 36174046 
2 Fart 53 feet, 5 inches. 
By Scale and Compaſſes. 


225 


Extend the compaſſes from to 1.437, that ex- 
tent will reach from 4.646 to 6.676 : then extend 


the compaſſes from 1 to 8, that 


„44 9252 enntent 


ITO ” o 4 n êb˙ cc wt 
m O G7VW 20 «4 "wy 


extent will reach 


Example 3. If there be 16 panes of glaſs, each 4 
feet; 5 inches and a half long, and 1 foot, 4 inches 
3 quarters broad, how many feet of glaſa are con- 


tained therein? 


22 


44538 
1-395 4 


— —— . 


- 
- 


_ %% 
13374 


*, : +5 


6.218910 


4 


24-87564 


4 


; 99.502 56 
Facit 99 feet, 6 inches. 
o 


NOTE, 
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- NOTE, that inſtead of multiplying by 16, I have 
multiplied by 4 twice, becauſe 4 times 4 is 16, 


By Scale and Campaſſes. 


Extend the compaſſes from 1 to 1.395, that ex- 
tent will reach from 4.4458 to 6.219 ;z then extend 
the compaſſes from 1 to 16, that extent will reach 
from 6.215 to 99.5 feet, the content. 


NOTE, That when windows have half rounds 
at the top, they meaſure them at' the full height, 
as if they were {quare. Alſo round or oval windows 
are meaſured at the full length and breadth of vheir 
diameters. Likewiſe crocket windows in ſtone- 
work are all meaſured by their full ſquares ; and 
there ig reaſon for ſo doing; for the trouble in taking 
the dimenſions to work by, the waſte of glaſs in 
working, and the time expended in ſetting up, is far 
more than the glaſs can be valued at. £3 


Z—— * 


5 VII. MASONS Work. 


| Mae meaſure their work ſometimes by 
the foot ſolid, ſometimes by the foot ſuperfi- 
cial: and in ſome places they meaſure their walling 


by the rood, that is 21 feet long and 3 feet high, 
which is 6 3 feet. 


Examples of each are as follow. 


Examples 1. If a wall be 97 feet 5 inclies long, 
18 feet 3 inches high and 2 feet 3 inches thick, how 
many ſolid feet are contained in that wall ? 


2.4 

% = 

"Y 
4. 
1 
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F; 1 
97 3 97-417 
I 3 18.25 
776 487085 | 
97 194834 '' 
- 24 4 3 779336 g 
oO © 97417 g 
168 0 — Ü— 4 
— — 1777.868225 { 
17797 10 3 2.25 | 
2 3 _ g = 
- 888930125 1 
3555 8 6 355572050 
444 5 6 9 355572050 


es —— 


| 4000 $0: 9 4000. 185 5625 


Multiply the length, height and thickneſs together, 
and the laſt product is 4000 feet, 2 * . the ſolid 
feet contained in the wall. 


By Scale and Compaſſes. * 


Extend the compaſſes from 1 to 18.25, that e- 
tent will reach from 97.417 to 1777.86 ; then ex- | 
tend from 1 to 1977.86, that extent will reach from 

2.25 to 4000.18, the ſolid content. 


py 2. If a wall be 107 — inches long, 4 
t 


and 20 feet 6 inches high, how many teet ſuperficial 
are contained therein ? 
I. 
107 9 107.75 
20 6 20.5 
195 0 53875 
33 10 6 215500 
2208 10 6 2208.875 


Facit 2208 feet, 10 inches. By 
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By Scale and Compaſſes. 


Exend the compaſſes from 1 to 107,75, that ex- 
*ent will reach from 20.5 to 2208.875, the ſuperſi - 
cial feet. My 8 


Example 3. If a wall be 112 feet 3 inches long, 
and 16 feet 6 inches high, how many roods are con- 
tained therein? 


F. bs 

112 3 112.25 

1 25 ; 16.5 
6750 | 56125 
112 ; 67359 

3 5:16 11225 
i852 1 6 1 5 63)1852.125(029 
592 
Facit 29 roods, 25 feet. 25 


Zy Scale and Compaſſes. 


Extend the-compaſſes from 63 to 16.5, that ex- 
on will reach from 112.25 to 29.4 roods, the con- 
ent. 8 ; 
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C HA P. IV. 


The Meaſuring of BOARD and 
TIMBER. 


$ I, Of Board MEASURE. | 


O meaſure a board, is no other but to meaſure 
a long ſquare. 


Example 1. If a board be 16 inches broad, and 
1 3 feet long, how many feet are contained therein! * 


Multiply 16 by 13, and the product is 208; 
which divided by 12, gives 17 feet, and 4 remains, 
which 18 a third part of a foot. 


Or thus: Multiply 156 (the length in inches) by 
6, and the product is 2496; which divided by 144, 
the quotient is 17 feet, and 48 remains, which is the 
third part of 144; the ſame as before, 
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1771 


Or, As 144: 156: : 16 
16 


936 
156 


144) 2496017721 


By Scale and Compaſſes. 


Extend the compaſſes from 12 to 13, that extent 
will reach from 16 to 177 feet, the content. 
Or, extend from 144 to 156(the length in inches) 
that extent will reach from 16 to 175 feet, the 
c -ntent, 


Example 2. If a board be 19 inches broad, how 
many inches in length will make a foot ? 

Divide 144 by 19, and the quotient is 7.58 very 
near; and ſo many inches in length, if a board be 
39 inches broad, will make a foot. 


Inch. Inch. Inch. Inch. 
As 19: 144 :: 1: 758 fere. 


Extend tie compaſſes from g to 144, that extent 
will reach from 1 to 7.58, that is, 7 inches and _ 
thing 
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thing more than a half. So if a board be 19 inches 


broad, if you take 7 inches and a little more than a 


half with your compaſſes from a ſcale of inches, 
and run that extent along the board, from end to- 
end, you may find how many feet that board con- 


tains, or you may cut off from that board any number 
of feet deſired. 


For this purpoſe there is a line upon moſt ordinary 
joint · rules, with a little table placed upon the end, 
of all ſuch numbers as exceed the length of the 
rule, as in this little table annexed. 


IL jJoſoſo]o|]s|o|8| 6 | Long. 
F.{[18j{ 644 j${3 j 2} 1 1 | Long. 
LIz 231 41 546 j,7 | 8 | Broad. 


Here you ſee, if the breadth be one inch, the 
length muſt be 12 feet ; if 2 inches, the length is 
6 feet; if five inches broad, the length is about 2 
feet, 5 inches, ©. 


The reſt of the lengths are expreſſed in the line, 
thus: if the breadth be 9 inches you will find it 
againſt 16 inches, counted from the other end of the 
rule : if the breadth be 11 inches, then a little above 
13 inches will be the length of a foot, c. 


$ U. Of SQUARED TIMBER. 


Y ſquared timber is here meant all ſuch as have 

baſes, and the ſides ſtraight and parallel, The 

rules for meaſuring all ſuch ſolids are ſhewn in ſect. 
II. of Chap. 2. to which I refer you. 


X 2 Example- 


| 
' 
| 
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Example 1. If a piece of timber be 1 foot 3 inches 
(or 15 inches) ſquare, and 18 feet long, how many 
ſolid feet are contained therein? 


15 
15 


75 
13 


225 13 
18 3 


9 


1800 19 
225 | 6 


144) 4050 (28.125 6:4 Y 


1170 - 
180 8 
360 

720 


Anſter. 28 feet and half a quarter. 


Here, inſtead of multiplying by 18 (where I 
wrought by feet and inches) I muſt multiply by 6, 
and then by 3, becaule 3 times 6 is 18, 


Example 2. If a piece of ſquared timber be 2 feet 
9 inches deep, and 1 foot 7 inches broad, and 16 feet 
9 inches long, how many feet of timber are in that 
piece ? 


Multiply the depth, breadth and length together, 
and the product will be the content. 
33 
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33 
19 
— N I. 
297 2 9 
33 SD 
627 2 9 
- 16.75 * 
3135 4 
4389 6 
3762 —— — 
627 9 8 o 
3 
144) 10502. 25 (72.93 — 
72 11 2 3 
422 
1342 
465 


33 
Anſwer, 72 feet, 11 inches, or 72 feet, 93 parts. 


By Scale and Compaſſes. 


For the firſt Example, extend the compaſſes from 
12 to 15 inches, (the ſide of the ſquare) that extent 
will reach from 18 feet the length, being twice turn- 
ed over, to 28 feet, and ſomething more. 

For the ſecond Example, find a mean proportional 
between 19 inches and 33 inches, by dividing the 
ſpace between them into two equal parts, and the 
compaſs point will reſt upon 25, which is a mean 
proportional between 19 and 33. 

Then extend the compaſſes from 12 to 25, (the 
proportional found) that extent will reach (being 
twice turned over) from 16.75 feet, the length, to 
72-93 feet, the content. 

A common error is committed, for want of art, in 
meaſuring theſe laſt ſorts of ſolids, by adding the 

X -3 | depth 
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depth and breadth together, and taking half for the 
fide of a mean ſquare. This error, though it be but 
{mall when the depth and breadth are pretty near 
equal, yet if the difference be great the error is very 
conſiderable ; for the piece of timber, thus meaſur- 
ed, will be more than the truth, by a piece, whoſe 
length is equal to the length of the piece of timber 
to be meaſured, and the ſquare equal to half the dif- 
ference of the breadth and depth, as I ſhall here de- 
monſtrate. * 
A 33 3 I fay, the ſquare 
NT | GHIK is greater 
; than the parallelo- 
gram ABCD, by 
| {© the little ſquare O 
HPL ; for the par- 
allelogram QPIK is 
equal to the paral- 
lelogram AEFD, 
and the parallelogram 
GO Lis equal to the 
paralellogram EBC F. 
Therefore the ſquare 
is greater than tlie 
paralellogram by the 
little ſquare OH PL. 
— Which was to be 
proved. 


| Otherwiſe, you may 

ny | rove it by numbers, 
1 = L thus ; che lum of 33 
and 19 is 52 ; the half thereof is 26; the ſquare of 
20 is 676 and the product of the depth and breadth 
is 627; the difference of theſe two is 49, equal to 
the ſquare of half the difference ; for the difference 


between 33 and 19 is 14, the half thereof is 7, 


whoſe ſquare is 49. Which was to be proved. 
Now, if this be multiplied by the length of the 
piece, and that product divided by 144, to bring it 
to feet, and thoſe ſeet added to the true content, 
the ſum will-be equa! to the content found by the 
falſe way mentioned. See 


"2 * 
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See the work of both. 


23 Depth. 16.75 the length. 
19 Breadth, 49 the Squ. of half diff. 


— — 6700 
26 Half. 
26 144) 820.75 ( 5.69 
156 1007 
52 1435 
676 139 
16.75 
3380 : 
4732 
4056 
676 : 


144) 11323-00 (78.63 


— (ͤ(—ͤ—ↄÄęb——— 


1243 
910 
460 


28 


Feet. 
To 72.93 the true content. 
Add 5.69 the part ſuperfluous. | 


Sum 78.62 equal to the content by the falſe way. 


By 


' 
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By Feet and Inches. 


oy Part ſuperfluous, 7 


314 
2 z true content add. 3 6 3 


7 "_ O con. the falſe way.—fal. con.98 7 7 


To find how much in length makes a. foot of any ſquared 


timber. 


Always divide 1728 (the ſolid inches in a foot) 
by the area of .the baſe, the quotient is the length 
of a foot. 


This rule is general for all timber, which is of 
equal thickneſs from end to end, whether it be 
ſquare, triangular, multangular, or round, 


Example 1. If a piece of timber be 18 inches 
ſquare, how much in length will make a foot ſolid ? 


18 | = 
18 

144 

18 


324-1728 (53 


1620 
108 Anfe. 5 inches and 1 third. 


By 
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By Scale and Compaſſes. 


Extend the compaſſes from 1 to 18, that extent 
will reach from 18 to 324, the ſquare or area of the 
baſe; then extend from 324 to 1728, that extent will 
reach down from 1 to 5 inches and J of an inch. 


Or thus: extend the compaſſes from 18 to 41.569, 
that extent (turned twice over from 1) will at laſt fall 
upon 51, as before, 


NOTE, That 41.569 is the ſquere root of 1728. 
Example 2. If a piece of timber be 22 inches deep, 


and 15 inches broad, how much in length will make 
a foot ? 


330) 1728 (5.23 


780 
1200 
| 210 
Anſwer, 5 inches and 23 parts. 


By Scale and Compalles, 


Extend the compaſſes from 1 to 15, that extEnt 
will reach from 22 to 330; then extend from 336 
to 1728, that extent will reach from 1 to 5.23 
inches, the length of a foot. 

There 


— - — 
— — 
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There is a line for this purpoſe upon moſt ordi- 
nary rules, with a little table at the end, of all ſuch 
numbers as exceed the length of the rule ſuch as 
this annexed. 


— 


o o [Oo loo ofen 9e] Inches. 
14436169 [4 2 21 Feet. 
123 [46 [78 o Side of Iq. 


Here you ſee, if the ſide of the ſquare be 1, the 
length muſt be 144 feet; if two inches be the ſide 
of the ſquare, it mutt be 36 feet in length, to make 
a ſolid foot, Oc. 

If the fide of the ſquare be not in the little table, 
you will find it upon the line, thus; if the fide of 
the ſquare be 16 inches, you will find it againſt 6 
inches and 7 tenths, counted from the other end of 
the rule. 

Then, if you take the length of a foot from the 
line of inches with your compaſſes, and run the 
compaſſes along the piece from end to end, you will 
find how many feet are contained in that piece, or 
you may cut off any number of ſolid feet that ſhall 
be defired ; but if the ſides of the piece be unequal, 
find a mean proportional number, as is before taught, 
by dividing the diſtance upon the line of numbers 
into two equal parts, thus: if the breadth be 25 
inches, and the depth 9 inches, divide the ſpace 
upon the line of numbers into two equal parts, and 
you will find the middle point at 15, ſo is 15 inches 
the geometrical mean proportional ſought ; then, if 
you look for 15 upon the line above mentioned, that 
7 inches, and a little above half, will be the length 
of a foot. 


§ III. Of wnequal Squared Timber. 


Y unequal ſquared timber, I mean all ſuch 28 
have unequal baſes, that is, ſuch as is thicker 

at one end than at the other; and ſuch are moſt 
; timber 


. 
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timber trees, when they are hewn, and brought to 
their ſquares. 

The uſual way to meaſure ſuch timber, is to take 
a ſquare about the middle of the piece, which they 
take to be a mean ſquare : This way, whea the e 
is pretty near as thick at one end as the other, is ſome- 
thing near the truth; but when there is a great diſ- 
proportion between the ends of the piece, the error 
is conſiderable. All ſuch ſolids heing the fruſtums of 
pyramids, the true way of meaſuring them muſt be 
by Se. VII. Chap. 2. I ſhall now give an Example 
or two which I will work both by the true and falſe 
ways, whereby you will ſee the difference. 

Example 1. If a piece of timber be 25 inches 
{ſquare at the greater end, and 9 inches ſquare at the 


leſſer end, and 20 feet long, how many feet of tim- 
ber are in that tree? 


25 
9 
Sum 34 
Half 17 The ide of the ſquare in che middle. 
| * | 
— By rule II. ſect. VII. chap. 2. 
119 | 25 „ 
17 25 9 
289 16 Diff. of the ſides. 
20 225 16 
144)5780(40. 13 ge 
— I 
200 — ö 
560 3)256 The ſquare, 
n 85.3333 
128 225 
310.3333 


Anſwer. 40. 13 feet by the falſe way. 
g1% 
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310.3333 


20 


144) 6206.666043. 101 


446 
146 
266 


122 


Anſwer. 43.101 feet by the true way; ſo that 
there is near three feet difference. 


By Scale and Compaſſes. 


Extend from 1 to 9, that extent will reach from 
25 (the ſame way) to 225; the rectangle of the ſides 
of the two baſes; then the difference between the 
ſaid ſides is 16: extend from 3 to 16, that extent 
will reach from 16 to 85.333, a third part of the 
ſquare; which added to 225, the ſum is 3 10.333, 4 
mean area: then extend from 144 to 310.333, that 
extent will reach from 20 (the length) to 43. 1 foot 
(the content) the true way. 

Extend the compaſſes from 12 to 17, the ſide of 
the middle ſquare, that extent will reach from 20, 
the length being twice turned over, to 40.1 ſect, 
the conteut by the falſe way. 


Example 2. If a piece of timber be 32 inches 
broad and 20 inches deep at the greater end, and 19 
inches broad and 6 deep at the leſſer end, and 18 
feet long, how many feet of timber arc in that 
piece? 

Rule I. Sect. VII. Chap. 2. 


32 6 
20 10 
640 60 
60 


38400 
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38400 5625 „„ „„ „„„„5 525 g Mean proportional 
640. The greater baſe. 


60. The leſſer baſe. 


29) 284 | 
385) 2300 895.959 The ſum. 
3909) 37 50⁰ 6 = x height. 
39185)231900 — 
391909) 3597 5375784 
144)$375-754(37-33 
1055 
477 
455 
23. 
32 20 
Add. þ 32 2 Add. 
Sum. 42 26 Sum. 
Half. 21 13 Half. 
Is 
63 


21 


273 Area in the middle. 
> Length. 


2184 
273 
144)4914 (34-12 


594 
180 


360 
Con —_ 
tent the true. way 37.33 
Kan {Come the falſe way 34.12 
Y By 
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By Scale and Compaſſes. 


Extend the compaſſes from 1 to 20, that extent 
will reach from 32 to 640, the area of the greater 
baſe. 

Then extend from 1 to 10, that extent will reach 
from 6 to 60, the area of the leſſer baſe. Then ex- 
tend from 1 to 60, that extent will reach from 640 
to 38400, the product of the two areas: Find the 
ſquare root thereof, by dividing the ſpace between 
1 and 38400 into two equal parts, ſo you will find 
the middle point at 195.959, the root ſought ; which 
is a mean proportional between the greater and the 
leſſer areas. Then add the mean proportional and 
two areas together, and the ſum is 89 5. 959; which 
multiplied by 6 (a third part of the length) by ex- 
tending from 1 to 6, that extent will reach from 
895.959 to $375-75: Then extend from 144 to 

375-75, and that extent will reach from 1 to 37.33 
cet, the true content. | 

For the falſe way, half the ſum of the breadths 
is 21, which is the breadth in the middle; and half 
the ſum of the depths is 13: Extend from 1 to 13, 
that extent will reach from 21 to 273, the area of 
the middle baſe. Then extend from 144 to 273, that 
extent will reach from 18, the length, to 34.12, 
the content the falſe way. 


— — 


& IV. Of Round Timber, whoſe Baſes are 
equal, | 


HE uſual way to meaſure round timber trees 

is to girt them about the middle with a ſtring, 

and take the fourth part of that girth for the ſide of 

a ſquare, by which they meaſure the piece of tim- 
ber as if it was ſquare, | 

- But that this is an error, I ſhall make appear as 

follows : If the circumference of a circle be 1, the 


area will be .07958 ; then the fourth part of t is 
| 257 
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25, which ſquared makes. 0625, this they take for a 
mean area inſtead of. 7958: Therefore the true 
content always bears ſuch proportion to the content 
found by the aforeſaid cuſtomary falſe way, as 
.07958 to. 0625; which is nearly as 23 to 18, ſo 
that in meaſuring by that cuſtomary falſe way, there 
is above the one fifth part of what the true content 
ought to be. x | 
This error, though it has been ſo often confuted, 
yet it is grown ſo cuſtomary in all places, that there 
is little hopes of my prevailing with men that are ſo 
wedded to it, to embrace the truth ; I ſhalt there- 
fore, in the following Examples, ſhew how to work 
both the true way, and alſo the falſe or cuſtomary 
way. 
R 1. If a piece of timber be 96 inches in 
circumference, or girth, and 18 feet long, how many 
feet of timber are contaiued therein ? 


A fourth part of 96 is 24 
24 


96 
48 


576 Area Baſe. 
18 


4608 
576 Or 


th 

| A * 

144) 10368 (72 2 © 
1008 5... 


288 4 
288 18 


Content the falſe way 72 feet. 
Y 2 Then 
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Then the true way. 


733. 40928 The area by Prob. 5 Sect. IX. 
18 [Ch. 2. 


586727424 
73340928 


144) 13291.36704 (91.67 


241 The true content 91.67 feet. 
973 
1096 


/ 


88 


By Scale and Campaſſes. 


Extend from 12 to 24 (the fourth part of the 
girth) that extent turned twice over from 18 feet 
(the length) will at laſt fall upon 72 feet, the con- 
tent the cuſtomary way. 

Extend from 42.54 to 96 (the girth) that extent 
will reach from 18 feet turned twice over, to 91.67 
feet, the true content. 


Example 
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Example 2. If a piece of timber be 86 inches 


girth, and 20 feet long, how many feet are contained 
therein? 


The fourth part of 86 is 21.5 
21.5 
5 1075 
1 215 
0-6 430 
iS 6 462.25 
B 20 
O 10 9 — 
— — 144)9245-00(64.2 
3 — 
20 605 
— ————_ 290 
e 


20 
The Content the falſe way 64. 2 feet. 


By the true way. 


7 7396 
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7396 
07958 


59168 
| 36980 
. 66564 
31772 


58.5368 
20 


A 


144) 11771.47360 (81.74 


251 


1074 
667 


91 


The true content 81.74 feet. 


By Scale and Compaſſes. 


Extend from 12 to 21.5, that extent turned twice 
over from 20, will reach at laſt to 64.2 feet, the 
content the falſe way. _ 

Extend from 42.54 to 86, that extent turned 
over from 20, will at laſt fall upon 81.74 feet, the 
true content, 

Theſe cylindrical proportions may be very eaſily 
wrought upon the line numbers. 


Problem 1. Having the diameter of a cylinder in 
inches, to find the length of a foot. 


Suppoſe the diameter is 22.6 inches. 
As 22.6: to 46.9 :: ſo is 1 to a fourth number, 
and that to the length of a foot in inches, 4.3 
Extend the compaſſes from 22.6 to 46.9, that ex- 
tent will reach from 1 to a fourth number, then turn 
them over again, and that will reach to 4.3 inches. 


Problem 
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Problem 2. Having the diameter in foot-meaſure, 
to find the length of a foot in foot-meaſure, 


Suppoſe the diameter 1.88 feet. 

Then, as 1.88; to 1.128 :: ſo is 1: to a fourth 
number; and ſo is that to the length of a foot in 
foout-meaſure . 358. 

Extend the compaſſes from 1.88 to 1.128, that 
extent turned twice from 1, will reach to 35 parte 
of a foot. 


Problem 3. Having the cireumference in inches, 
to find the length of a foot in * 1 

Suppoſe the circumference 71 . 

Then, as 71 : to 147.36: : ſo is 1 to a fourth 
number, and ſo is that to the length of a foot in 
inches 4.3. 

Extend the compaſſes from 71 to 147. 36, that 
extent turned twice from 1, will reach to 4.3 inches, 
the length of a foot. 


Problem 4. Having the 3 in foot- 
meaſure, to find the length of a foot in foot-mea 
ſure, 


Suppole the circumferenee 5.92 feet. 

Then, as 5.92 : to 3.545 :; ſo is 1: to a fourth 
number; and fo is that to the length of a "ey in 
foot-meaſure .358. 

Extend the compaſſes from 5.92 to 3. $48, that 
extent turned twice over from 1, will fall upon. 358 
part of a foot. 


Problem 5. Having the diameter in inches, and 
length in inches, to find the content in inches. 


Suppoſe the diameter is 22.6 inches, and the 
length is 156 inches, or 13 feet. 


Then, 


, 


— 
« — —— — — 


248 Menſuration of Part II. 


Then, as 1.128; to 22.6:: ſo is 156 to a fourth 
number; and ſo is that to the content in inches 
62674. 

Extent the compaſſes from 1.128 to 22.6, that 
extent turned twice from 1 56, will fall upon 62674 
inches the content. 

NOTE, That 1.128 Is the diameter when the 
fide of the ſquare equal is= 1. 


Problem 6. Having the diameter in foot-meaſure, 
and length in feet, to find the content 1n feet. 


Suppoſe the diameter 1.88 feet, -_ the length 
#3 feet. 


Then, as 1.128 : to 1.88 : ſo is 13 to a fourth 


number; and ſo is that to the content in feet 36.27. 


Extend from 1.128 to 1. 88, that extent turned 
twice from 13, will fall upon 36.27. 


Problem 7. Having the diameter in inches, and 
length in inches to find the content in feet. 

Suppoſe the diameter 22.6 inches, and the length 
156 inches. 

Then, as 46.9 : is to 22.6: : ſo is 156: to a 
fourth number; and ſo is that to the content in 


feet 36.27. 


Extend from 46.9, to 22.6, that extent turned 
twice from 156, will fall upon 36.27 feet, the 
content. 

NOTE, That 46.9 is the diameter of a circle 
whoſe area is 1728. 


Problem 8. Having the diameter in inches, and 
length in feet, to find the content in feet. 


Suppoſe the diameter 22.6 inches, and the length 
13 feet. 

Then, as 13.54 ? to 22.6; : ſo is 13 to a fourth 
number; and fo is that to the content in feet 36.27. 

Extend from 13.54 to 22.6, that extent turned 
twice from 13, will fall upon 36.27. 


NOTE, 
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NOTE, That 13.54 is the diameter of a circle 
when the area is 144+ 


Problem 9. Having the circumference in inches, 
and length in inches, to find the content in inches. 


Suppoſe the circumference 71, and the length 156 
inches. | 

Then, as 3.545 : is to 71 : : ſois 156 to a fourth 
number; and ſo is that to 62674, the content in 
inches, | 

Extend the compaſſes frdm 3.545 to 71, that ex- 
tent turned twice from 156, will fall upon 62674, 
the content. 

NOTE, That 3.545 is the circumference when 
the ſide of the ſquare is equal 1. 


Problem 10. Having the circumference in feet, 


and length in feet, to find the content in feet. 


Suppoſe the circumference 5.92 feet, and length 
13 feet. 

Then, as 3.545 : to 5,92 :: ſo is 13: to a fourth 
number; and fo is that to 36.27. 

Extend from 3.545 to 5.92, that extent turned 
twice from 13, will fall upon 36.27 feet, the content. 


Problem 1. Having the circumference in inches, 
and length in inches, to find the content 1n feet. 


Suppoſe the circumference 71 inches, and length 
156 inches. | 
Then, as 147.36: to 71 : : ſo is 156 to a fourth 
number; and ſo is that to the content in feet 36.27. 
Extend the compaſſes from 147.36 to 71, that 
extent turned twice from 156, will fall upon 36 27 
feet, the content. 
NOTE, That 147.36 is the circumference of a 
circle whoſe area is 1728. 
Problem 


—_— — -- wo- 


_ — — 
* 
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Proll 12. Having the circumference in inches, 
and length in feet, to ſind the content in feet. 


Suppoſe the cireumference 71 inches, and length 
13 feet. N 

Then, as 42.54 : is to 71 : : ſo is 13: to a fourth 
number; and ſo is that to the content in feet 
36.27. 

Extend the compaſſes from 42.54 to 71, that ex- 
tent turned twice from 13, will reach to 36.27 feet, 
the content. 

NOTE, That 42.54 is the circumference of a 
circle whoſe area is 144- 


& V. Of Round Timber, whoſe Baſes are 
unequal, _ : 

T H E uſual way to meaſure round timber, as I 

ſaid before, is to take a fourth part of the girth 

in the middle of the piece, for the ſide of a mean 

ſquare. But this way I have proved to be erroneous 


in timber that is all the way of an equal thickneſs ; 


and it muſt be much more ſo in timber that is taper- 
ing, and the more tapering it is the greater is the 
error: for to the error in the laſt ſection, there is 
added the error in the third ſection; therefore, to 
meaſure all ſuch timber according to art and truth, 
ſuch a piece ought to be confidered as a fruſtum of 
a cone, and ſhould be meaſured by the ryles given 
in Sec. VIII. Chap. 2. by which rules the follow- 
ing Examples are wrought. 


Chap. 4. Round Timber. 


Example 1. If a piece of timber be 9 inches dia- 
meter at the lefſer end, and 36 inches at the other 
end, and 24 feet long, how many feet of timber are 


therein ? 


36 30 Subtract. 
9 9 
Rect. 324 27 Difference. 
27 
189 
54 
3)729 The Square. 


243 One third. 
324 Rectangle add. 


567 


A mean area 445-3218 


24 


17812872 
8906436 


144) 10687.7232 (74.22 
607 
317 
292 


— — — 


4 Anſwer 74.22 Feet. 


—— — 
— 
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Or thus, by Feet and Inches, 


I. F. 1 
2 3 Difference. 


9 
o © the ſquare, 


3 one third. 
o Rectangle added. 


3 11 3 a mean ſquare. 


„ 
Then, as 14: to 11: ſo is 3 11 3 to the area. 

| | 11 
743 3 9 
27-03 4 

8 1 

6 

18 6 9 0 

5 4 

. 


Here, inſtead of dividing by 14, I divide by 7 and 
by 2, becauſe twice 7 is 14. 

And inſtead of multiplying by 24 feet, the length, 
I multiply by 6 and 4, becauſe 6 times 4 is 24. 


By Scale and Compaſſes this is too troubleſome. 


Example 2. If a piece of timber be 136 inches 
circumference at one end, and 32 inches circum- 


ference at the other end, and 21 feet long, how many 
feet of timber are contained in that piece ? 


136 
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136 136 
32 32 
272 104 Difference. 
408 104 
4352 416 
1040 
3) 10816 the ſquare. 


3605. 33 3 one Third. 
4352 ReQtangle add. 


7957-333 a mean circumf, ſquared. 
07958 


63658664 
39726665 
71615997 
55701331 


63 324456014 the mean area, 
21 


« 


653.2446014 
126648912028 


13298.13576294 
144) 13298.13 (92.34 


— ͤöͤu— 


338 
501 
693 
| | 117 
* Anſever 92.34 feet. | ' 


Z 
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By Feet and Inches thus. 


F. L. * 

114 8 8 Difference. 

2 8 oy on - 
22 8 69 4 


768 5 9. 4 


30 2 8 3)75 1 4 The ſquare. 


25 O 4 
30 2 o 


55 3 1 4 Squ. of the cireumfer. 


1 | 

As 88: to 7:: 55 3 1 4 to the mean area. 
7 
11)386 9 9 4 
$8)35 111 9 

: 1 8 11 The mean area. 
7 
9 
3 


Facit 92 7 3 Fa 7 3 
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§ VI. Of the frove Regular Bodies. 


12 bodies may be all meaſured by the 
fourth Section of Chap II. except it be the 
cube, or hexaedron, which is already meaſured in 
Sect. I. of that chapter. 


1. Of tbe TET RAE DR ON. 


C A Tetraedron is a ſolid con- 
- tained under four equal and 
equilateral triangles. 


Let ABCD be a tetraedron 

whoſe ſide is 12 inches, the 

B perpendicular height, 9.798 
inches. 


By Sect. V. Chap. I. the area of the triangle will 
be found 62.352 ; a third part of it is 20.984, which 
multiplied by the perpendicular height, the product 
is 203.641632 ſolid inches, the content. 


A 


10.392 The perpendicular of the triangle. 
6 Half the fide. 


62.352 Area of the triangle. 


- 20.784 One third part. 
9.798 The perpedicular height. 


166272 
187056 
145488 
187056 
203.641632 The ſolidity. 
Z 2 The 


. 
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The ſuperficial content is 4 times the area of the 


triangle, viz. 249.408 inches, becauſe there are 4 
triangles, 


2. Of the OCTAEDRON. 


The Octaedron is a body 
contained under eight equal 
and equilateral triangles. 


C Let ABCDE be an octae- 
dron whoſe ſide is 12 inches; 


the content ſolid and ſuperfi- 
cial ts required, 


An Octaedron is compoſed of two quadrangular 
yramids joined together by their baſes ; therefore, 
f the area of the baſe be multiplied into a third part 


of the length of both pyramids, the product will be 
the fold content. 


5.6568 A third part of the length. 
144 Area of the ſquare baſe, 


220272 
226272 
56568 


814.5792 The ſolidity. 


The ſuperficial content will be juſt double to that 
of the tetraedron, viz. 498.816, becauſe the fide of 
this is ſuppoſed to be equal to the fide of that, and 
becauſe the octaedron is contained under eight tri- 
angles, and the tetraedron but under four. 


1. 07 
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3. Of the DODECAED RON. 


The Dodecaedron is a ſolid body, contained under 
twelve pentangular planes. 


Let ABCDEFG 
HIK be a dode- 
caedron, each fide 
thereof being 12 K 
inches ; the content 
ſolid and ſuperficial 
is required. 

The ſolidity of 
the dodecaedron is 
compoſed of 12 
pentangled pyra- 
mids, whoſe verti- 
ces all meet in the center. Therefore if we find the 
ſolidity of one of thoſe pyramids, and multiply that 
by 12 that product will be the ſolidity of the do- 


decaedron. 


1 


— ̃ ̃ — 0 


1 

== 

WEE =: 
-—= — = 


The altitude of one of the pentangled pyramids 
will be found to be 14.36219. 


The perpendicular of the pentagon will be 
8.258292 
zo Half ſum of the ſides. 


247.748760 Area of the pentagon. 
60454. 4 A third part of 13. We 19 inverted. 


99099504 
9909950 
1238744 


99099 
1486 


1103.48783 Content of one pyramid. 
12 


13241.85396 The ſolidity of the dodecacdron. 
Z 3 It 
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If the area of the pentagoa be multiplied by 12, 
the product will be the ſuperficial content. 


2471-74876 
: 89: : 


2972.98 512 The ſuperficial content. 


4. Of the ICOSAEDR ON. 


The Icoſaedron is a 
ſolid body, contained 
under 20 equal and 
equilaterial triangles. 


Let ABCDEFGHI 
be an Icoſaedron, each 
ſide thereof being 12 
I inches; the content 

ſolid and ſuperficial is 
required. 


The icoſaedron is compoſed of twenty triangular 
pyramids, with their vertices all joining in the 
center. | 


Therefore, if the ſolid content of one pyramid 
be multiplied by 20, the product is the whole ſolid 
content of the ĩcoſaedron. 


10,39224 


- 


7 
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10. 39224 The perpendicular of the triangle. 
6 Half the fide. 


62 35344 
20 


1247. 06880 


3.02 30456 The third part of the altitude of the 
44353-26 Lpyramid. 


181382736 
6046091 
906914 
151152 
9069 

1209 

121 


18.497292 
20 


3769.94 5840 The ſolidity. 
The ſuperficial content 1247. 0688. 


A The 


260 
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A The Cube. B Tetraedron. C Octaedron. 


D Dodecaedron. E Icoſaedron. 


By 


— 
N 3 
_ 


F<... 


— 
” 


1 W * 
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By theſe figures you may cut theſe bodies in fine 
palteboard, cutting all the lines half through, and ſo 
turn them up and glue them. 


A Tante ſewing the ſolidity and ſuperficial content 
of any of the Regular Bodies, the fide being 1, or 


unity. 


The N 5 ths 
of © Bodies. Solidity. Soperficies. 


— — —— — — | 


B Tetraedron [o.1178513 | 1.722051 
C , Oaaedron 0. 4714045 | 3.464102 
A Hexaedron | 4.0000000 | 6.000000 . 
E | Icoſaedron 2.181695 8.660254 
D Dodecaedron | 7.663119 | 20.645729 


By this table the content, either ſuperficial or 


folid, of any of theſe bodies may very readily be 
found ; for all like ſuperficial figures are in proportion 
one to another, as are the ſquares of their like 
fides : therefore it will be, as the ſquare of 1 
(which is 1); is to the ſuperficial content in the ta- 
ble : : ſo is the ſquare of the ſide of the like body: 
to the ſuperficial content of the ſame body. There- 
fore, if the number in the table be multiplied by 
the ſquare of the ſide given, the product is the ſu- 
perficial content required. 


Again. All like ſolids are in ſuch proportion to 
each other as are the cubes of their like ſides; 
therefore it will be, as 1: {which is the cube of 1) 
is to the ſolid content in the table : : ſo is the cube 
of the fide given : to the ſolid content required. 
Therefore, it the number in the table be multiplied 
by the cube of the given fide, the product will be 
the ſolid content of the ſame body. | 


Example 


——ꝓ—u—ꝓ—m— 1 ̈́ — 4 ” 


Paget — — 
© 4 — 
— — —— — — —— — - — — — — - 
a... by 8 
— — 5 . 
\ — 
1 = 
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Example 1. If the fide of a dodecaedron be 12 


inches (as before) what is the content ſolid and 


ſuperficial ? 


7.663119 The tabular number. 
1728 The cube of the fide. * 


— — 


61304952 
15326238 
33647833 
7663119 
3241.869632 The ſolid content nearly the ſame 
(as before. 
20.645729 The tabular number. 
144 The ſquare of the ſide. 


— — 


82582916 
825829 16 
20045729 


2972.984976 The ſuperficial content. . 


Zy Scale and Compaſſes. 


Extend from i to 12 (the ſide) that extent bein 
turned three times over from 7.663 119, will at 
fall upon 13241.86, Sc. the ſolid content. 

And if you apply the ſame extent twice from 
20.645729, it will at laſt fall upon 2972.98, Cr. 
the ſuperficial content. 


Example 2. If the fide of an octaedron be 20 
inches, what is the content ſolid and ſuperficial ? 
471404, The tabular number. 
8000 The cube of the ſide. 


3571.2 360000 The ſolid content. 


| 3.464102 The tabular number. 
400 The ſquare of the fide. 


1385.640800 The ſuperficial content. 1 
J 


— a_—_ arne acc . * 4 
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By Scale and Compaſſes. 


Extend from 1 to 20, that extent turned three 
times over from .4714045; will at laſt fall upon 
3771.236, the ſolid content. The ſame extent 
turned twice over from 3.464, Cc. will at laſt fall 
upon 1385. 64, the ſuperficial content. 


§ VII. How fo meaſure any irregular Solid. 


F you have any piece of wood or ſtone that is 
craggy and uneven, and you deſire to find the 
ſolidity, put the ſolid into aay regular veſſel, as a 
tub, a ciſtern, or the like, and pour in as much 
water as will juſt cover it ; then take out the ſolid, 
and meaſure how much the fall of the water is, and 


ſo find the ſolidity of that part of the veſſel. 


Example. Suppoſe a piece of wood or ſtone to 
be meaſured, and ſuppoſe a tub 32 inches diameter, 
into which let the ſtone or wood be put and covered 
with water; then when the ſolid is taken out, ſup- 
poſe the fall of the water 14 inches; ſquare 32, 
and multiply the ſquare by. 7864, the product will 
be 804.2496, the area of the baſe ; which multi- 
plied by 14, the depth or fall of the water, and the 
product is 11259.49, Oc. which divided by 1728, 
the quotient is 6.51 feet; and ſo much is the ſolid 
centent required, 
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CHAP. V. 


Practical Queſtions in MEASURING. 


Dueſflion 1. F a pavement be 47 feet g inches long, 
and 18 feet 6 inches broad, I demand 
how many yards are contained therein ? 


. I. 

47 9 47-75 
18 6 18:5 
376 © 23875 
47 38200 

23 10 6 4775 
©-0:0 9 —— 
3 9) 883-375 

9) 883 4 6 98. 1 


Anſwer. 98 yards 1 foot. 


Oueſt. 2. There is a room whoſe length is 21.5 

feet, and the breadth 17.5 feet, which is to be 
ved with tones each 18 inches ſquare ; I demand 
many ſuch tones. will pave it? 


21.5 
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21.5 8 1.5 
17:5 1.5 
1075 75 
1505 15 
215 — | 
- 2.25 Area of one ſtone. 
2.25)376-25(167 
1512 
. 1625 


50 Anſw. 167 ſtones. 


Oueſt. 3. There is a room 109 feet g inches about, 
and 9 feet 3 inches high, which is all (except two 
windows, each 6 feet 6 inches high, and 5 feet 9g 

inches broad) to be hung with tapeſtry that is ell 
broad; I defire to know how many yards will hang 
the ſaid room. | | 

From the content of the room ſubtra& the con- 
tent of the windows, and divide the remainder by 
the ſquare feet in a yard of tapeſtry, 


3-75 109.75 Length, 5.75 
3 9.25 Breadth. 6.5 
11.25 64875 1 
21950 3450 
98775 3 
r 3 37375 
1015-1875 Content of the room. 2 
74.75 Cont. of che windows ſub. 
L | 74-759 
11.25) 94944375 (83-59 
4043 
6687 
10625 


500 Anſeer 83.59 LVards. 
Az Weſt. 
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Oueſt. 4. If the axis of a globe be 27.5 inches, 1 


demand the content ſolid and ſuperficial. 


3-1416 
27+3 


I 5 7080 \ 
219912 
62832 


86.39400 The circumference, 
27.5 The diameter. 


431970 
604758 
172788 


6) 2375.8350 The ſuperſicial cont, 


39 5.9725 A ſixth part. 
27.5 
19798625 
27718075 
7919450 


10889.24375 The ſolidity in inches 
An fav or 6.3 Feet ſolid. 
16.49 Feet ſuperficial. 

Queſt. 5. There is the fruſtum of a globe, the dia- 
meter of whoſe baſe is 24 inches, and the altitude 
thereof is 10 inches; what is the content ſolid and 
ſuperficial ? 
| Find the ſuperficies, as is directed in Page 177. 
and find the ſolidity by the firſt theorem in Page 188. 


24 7854 7854 oo 
24 576 400 20 
96 47124 314.16000 400 
48 54978 
— 39270 


453-3904 dd. 


314.16 766. 
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766.5504 The curve-ſuperkicies, 
452.3904 The baſe add. 


1218.9408 The whole ſuperficial content in inches. 
12 X 12=144 
3 


432 
100 The ſquare of the IT add, 


532 The Sum. 
10 Multiply by the altitude. 


—ů — — 


3320 
5236 Multiply 


31920 
15960 
10640 
26600 


2785. -5520 The ſolidity in inches. 


weſ. 6. If a tree girt 18 feet 6 inches, and be 24 
feet long, how many tuns of timber are contained in 
that tree ? 
* I. 
4)18 6 The Girt. 


the 4th part. 


Here I multiply by 6 and by 
4, becauſe 6 times 4 is 24. 


3 
6 
188 4-2-6 -- 
. 
2 


42)5113 4 6 


33 £ 
. 12 tuns, 33 feet, 4 inches, 6 parts. 
Aa 2 Note, 


— 


a load, 
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Note, That 40 fe et of timber is a tun, and 50 feet 


ote alſo, That 4 feet broad 4 feet deep, and 
8 feet long, is a cord of firewood, that is, 128 
cubical feet. 


Auge. 7. There is a cellar to be dug by the floor, 
whoſe length is 33 feet 7 inches, and the breadth 
is 18 feet 9 inches, and its depth is to be 5 feet 9g 
inches; I demand how many floors of earth are in 
that cellar ? 


. 
* 


F. I. | 

33 7 The length. 
18 9 The breadth; 
264 

33 

6. 9 

8 4 9 

9 & © 

40:0 

629 8 3 

5 9 The depth. 
3148 5 3 

314 10 1 

A 


324) 3620 8 4011 


380 
$6 - 5 
Anſewer. 11 floors, 56 feet. 


Note, That 18 feet ſquare and a foot deep is a 
floor of earth, that is 324 ſolid feet. 
Queſt. 


Chap. 3. Practical Queſtions, 269 


Aue. 8. There is a roof covered with tiles, whoſe 
depth on both ſides (with the uſual allowance at the 
eaves) is 35 feet 6 inches, and the length 48 feet 9g 
inches; how many ſquares of iiling are contained 
therein? F. I. 

48 9 
35 6 


6 


O0 
O 


— 
I 
oO Op 


17/30 7 6 Anſw. 1) ſquares, 30 feet. 
Quel. 9. There is a cone, whoſe diameter at the 
baſe is 42 inches, and the perpendicular height 94 


inches, and it is required ro cut off two ſolid feet from 


the top end thereof ; I demand what length upon 
the perpendicular mult be cut off ? 


42 1722 9+ 
42 2 94 
84 6 6 
168 345 86 
1764 8836 Square. 
7854 — 80 
056 | . 
4322 35344 
3 830584 The cube 
1385.4456 | 
94 
$5417824 
124690104 
$)130231.8864 | 


4341628 * 


— —— —_— — — — 
— _ 
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All the ſolid bodies are in triplicate reaſon of their 
homologous fides by Eucl. 12, 123 12, 18 3 and 11, 
33 ; therefore it will be, 

Sol. of the Cone. Cube Alt. Sol of 2 Feet. 
As 43410.6488 ; 830584: : 3456: 
3456 


4983504 
4152920 
3322336 55 
2491752 


a The cube of the 
— . — [length. 
26580576 
5396803 
1055740 
187528 


65124 (40.43 
64 


21 24000 Refolvend. 


_— 


12 
48 


—5i5ð8—ů 


492 Diviſor. 


120 
4800 


48120 Dixiſor. 


mn _ 
= = 2 - 
— — — 
8 5.4; — 5 * C9... 1 - 
8 A — 1 — * © 4 = - — - 2 

2 — — oe. —— = = — —- — — — — — — yy — 

P HR _ MD ——— — — . — 
—— - — & — —_—_—— — _ * =_ " 
— 


9 EE EST OTE IEZ 
— 
\O 
8 


1939264 Subtrahend· 


6—— —— — 


184736000 Reſolvend. 


— ä 


1213 
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1212 
489648 


— — — 


4897692 


27 
rYogo8 
148944 


147003507 Subtrahe nd. 


—— ſ— ꝛT— 


37732493 


Anſwer, The length upon the dicular muft 
be 40.43 inches. If it had been 3 feet, the length 
had been 46. 29 inches. | 


If two feet were to be cut off from the bottom, 
or greateſt end, then from 43410. 6288 ſubtrat 
3456, and the remainder is 39954. 6288. Then ſay, 


As 43410. 6288: 830584 :: 39954-6288 
830584 
1598185152 
3196370304 \ 
1997731440 
1198638864 
3196370304 


id ttt. 


— — 


13410:6288)73185675407.2192(9644599914 
6 U 5 4. 0. EEE. COTS 729 
279823524 — 
19359751 35459 
1995500 9 
2 
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24571 


10888000 
273 
24843 


248703 


Anſwer. It muſt be cut at 91.4 inches from the 
top, or 2.6 inches from the bottom, 


Dueſl. 10. If a ſquare piece of timber be 12 feet 
long, and if the fide of the ſquare of the greater baſe 


be 21 inches, and the fide of the ſquare of the leſſer | 


baſe be 3 inches; how far muſt I meaſure from the 
greater end to cut off 5 ſolid feet ? 


Firſt, find the length of the whole pyramid, thus; 
the difference between 21 and 3 is 18 ; then, 


Diff. Length great. Length. 
ei + 19-41 81. +:- 16 


So I find the whole length of the pyramid 14 feet 
or 168 inches. 
The ſolid content of the whole pyramid is 24696 


inches, and the ſolid content of 5 feet is 8640; 


which ſubtracted from 24696, there remains 16050 
inches, Then, the cube of 168 (the length) is 
4741632. Then, 


As 24696 : 4741632 :: 16056: 


To 3082752, whoſe cube root is 145.54 ] ſubtract 
this root from 168 (the length) and there remain 
22.46 inches, which is the length of 5 ſolid feet at 
the greater end. 

Auel. 


Pp A — 8 - 
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Oueſt. 11. Three men bought a grinding-ſtone” 
of 40 inches diameter, which coſt 20 ſhillings ; of 
which ſum the firſt mea paid g ſhillings, the ſecond 
6 ſhillings, and the thi 5 ſhillings ; 1 demand how 
much of the ſtone each man muſt grind down, pro- 
portionable to the money he paid ? 


All circles are in duplicate reaſon of their dia- 
meters by Eucl. 122. 


Square the ſemidianfeter, which makes 400. 
Then, | 3 


4. 


9 : 180, 


This 180 is the ſquare of the ſemiciameter of the 
circle belonging to the firſt man. | 


4. 


And as 20 400 3: 


4. N J. 
And 20: 400: : 6: 120. 


This 120 is the ſquare of the ſemidiameter of the 
eircle belonging to the ſecond. 


4. J. 

And, as 20: 400 :: 5 : 100. 
This 100 is the ſquare of the ſemidiameter of the 
circle belonging to the third. 


Then, from 400 (the ſquare of the ſemidiame- 
ter of the ſtone) ſubtract 180, and there remain 
220, whoſe ſquare root is 14.83 inches;*which ſub- 
tracted from 20 inches 9 * ſemldiameter) there re- 
main 5. 17 inches, which is the breadth of the ring, 
or part of the ſtone which mult be ground down 
by the firſt. | 


Then, from 220 ſubtract 120, and there remain 
100, whoſe ſquare root is 10: ſubtract that from 
14.83, and there remain 4.8; inches, the worry 

0 
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of the ring, or part to be ground down by the ſecond 
1 man. The third muſt grind down the remainder, 


Þ which is to inches, the {quare root of 100. 

l This queſtion may very eaſily and ſpeedily be 
l performed geometrically, as in the annexed ſcheme, 
| = 9 


D 


Firſt, upon the center © ſtrike the circle ACBD 
and croſs it at right angles with the two diameters 
AB and CD : then divide the ſemi-diameter A © 
(which ſuppoſe 20) in proportion, to gs. 6s. and 57. 
1 ſeveral ſums paid by the three men) by the points 

and F; ſo ſhall AE beg, EF 6 and F©s : then 
divide EB into two equal parts in d, and upon d, a8 
a center, ſtrike the ſemi-circle Ea B, and divide FB 
into two equal parts in c, and upon e, as a center 
with the radius cF, ſtrike the ſemi-circle Fü B: ſo 
have you the ſemi-diameter © C divided into three 
ſuch parts as the ſtone ought to be divided ; and 
circles ftruck through theſe. points will ſhew how 
much each man muſt grind for his ſhare. 

Ns. 
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vet. 12. A gard'ner he had an upright cone, 
Out of which ſhould be cut him a rolling tone, 
The biggeſt that e' er it could make: | 
The maſon he ſaid, that there was a rule 
For ſuch ſort of work; but he had a thick ſkull 


Now help him for pity's ſake. 


Anſwer. It muſt be cut at one third part of the 
altitude, 


Queſt. 13. There is a ciſtern whoſe depth is ſe- 
ven tenths * the wedth, and the length 1 1s fix times 
the depth, and the ſolid capacity is 367.5 feet ; I 
demand the depth, width and length, and how 
many buſhels of corn it will hold ? 


Firſt, you muſt find three numbers in proportion 
to the depth, width and length, thus; ſuppoſe the 
depth 7, then the width will be 10, and the length 
42; which multiplied together, the produ ct is 2940, 
which are the ſolid inches in a ciſtern, whoſe depth 
is 7, width 10, and length 42. But the ſolid inches 
in the queſtion are 635040(=367 5X 1728) then 
the cube of the ſuppoſed width is 1000, So it will be, 


As 2940: 1000 :: 635040 : 216000, whoſe cube 
root is 60, which is the true width ; 7 tenths thereof 
is 42, the depth; and 6 times 42 is 252 inches the 
length; which three numbers being multiplied to- 
gether the product will be 635040. If theſe ſolid 
inches be divided by 2150.42, the quotient is 295 
171788 buſhels, or 36 quarters, 7 buſhels, 1 peck, 
4 pints. And ſo much * the ciſtern hold. 


Sue. 
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weſt. 14. Su ole, Zir, a buſhel be exact round. 
e Fa! being meaſur'd, 8 cher a found, 
If the breadth 18 inches and half you diſcover, 
This buſhel is legal all England over. 
But a workman would make one of another frame, 
Seven inch and a half muſt be the deptk of the 
, ſame: 
Now, Sir, of what length muſt the diameter be, 
That it may with the former in meaſure agree ? 


18.5 
18.5 


925 
1480 
185 


342.25 the ſquare. 
7854 


136900 
171125 
273 800 
239575 


268. 803150 
8 


2150.42 7200 the ſolid inches in a buſhel. 
7-5) 2150-4252 (286,72336 


650 
504 
542 
175 
252 
270 
459 


O 
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7854) 286.723 36. T 0565 o666{19 107 
51103 — 
39763 29) 265 
52360 261 
5236 381) 406 
381 
38207) 256. 600 


Anſwer. The diameter muſt be 19.107 inches, 
if the depth be 7.5 inches. 


Queſt. 15. In the midft of a meadow ewell 7 
A with graſs, 
1 took juſt an acre to tether my aſt : 
How long muſt the cord be that feeding all 
rou 


He mayn't graze leſs nor more than his 
acre of ground ? 


By Problem 10. Section g. chap. 1. find the dia- 


meter of a circle containing an acre ; half that will 
be the length of the cord. 


The Work. 


660 feet, the length of an acre. 
60 fect, the breadth of an acre. 


3960 
3900 
43560 the ſquare feet in an acre. 


As 1: 1.2732 :: 43560 
43500 


2 
— 


763920 
8 6 660 
38196 
50928 


B b 355460 


” 
ON in —— — — 


278 Praflical Queſtions. Part II. 


3 


55460.5g20{ 235-5 Diamet, 


— 117.75 Half. 
43)154 
129 


465) 2560 

2325 
4705) 23559 
23525 


34 
Anſwer. The cord muſt be 115 feet and ꝙ inches, 


But in an Jriſb acre is 70560 feet, i. e. 21 X 21% 
160=70560 ; then ſay as above, 
As 1 ; 1.2732: : 70560 
70560 
763920 
63660 
391240 


3 


898 36. 99200 299.72 Diamet 


5987) 43599 
41909 


59942) 169020 


1 
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Qugſtion 16. A malſter has a kiln that is 16 feet 
6 inches ſquare; but he is minded to pull it down 
and build a new one, that may be big enough to dry 
three times as much at a time as the old one will do; 
I demand how much ſquare the new one muſt be 2 


272.25 the area of the old one, 
| 3 


816.75 (28.57 
4 


48)416 
334 

565) 3275 
2825 


— — — 


5707) 450 
39949 


Anſever. The fide of the new one muſt be 28 
feet and near 7 inches. 


Ab 2 
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Qusion 17. If a round ciſtern be 26.3 inches 


diameter, and 52.5 inches deep, how many inches 
diameter muſt a ciſtern be, to hold twice the quan- 
tity, the depth being the ſame ? and how many ale 
gallons will each ciſtern hold ? 


26.3 
26.3 
789 
1578 
526 


691.69 the ſquare. 
2 


| 1383.38(37.19 


— — 


— 670483 


469 
741)1438 
741 
7429)69700 
66861 


The diameter of the greater is 37.19 inches. 


691.96 
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691.69 the ſquare of the leffer ciftern's 
7854 | 6 Ldiam. 
76676 

345845 


553352 
484183 


543.25 3326 Area of the baſe. 
52˙5 


2716266630 
108650665 2 
2716266630 


28 520. 79951 56 Solid content in inches. 


262) 28620. 799 101 137 Gallons. 


320 
387 
1059 | 
2139 


165 


NOTE, That 282 ſolid inches is an ale or beer 
gallon, and 231, a wine gallon, 


And 359.05 is the ſquare of the diameter of a 
circle that will hold a gallon of ale at an inch deep, 
and 294-12 for wine, 


And 217.6 inches is an Tris . of either ale 
or wine. Alſo 277. os is the ſquare of the diameter 
of a circle, that will hold an 777% Salle at in inch. 
deep. 


You may find the content in gallons, thus, divide 
the ſquare of the diameter by 359 95s and multiply. 
the W by the depth. 


B b 3 . 359-05, 
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359.05) 1383.38 . . (3-853 


— 52.5 

306230 — — 

18990 19265 
1037 7706 
19265 


The content of the greater 202.2825 Gallons, 


Dueſtion 18. If the diameter of a caſk at the 
bung be 32 inches, and at the head 25 inches, and 


the length 40 inches, how many ale gallons are 
contained therein ? 


25 32 
25 32 | 359 
3 
125 64 — 
50 96 a 1077 
625 1024 Square of the bung diameter. 
1024 
625 Square of the head diameter. 
1077) 2673 (2.48 But for [ri/b gallons, 
40 Divide by 831.15 


$190 The quotient is 3.21 
8820 99.20 Which multiply by 40 


204 Give Jriſb gallons 128.40 
Anfeo. 99.2 gallons. 


/ Otherwiſe, you may find a mean diameter, and 


work by ſcale and compaſſes, thus : ſubtra& 25 


from 32, and there remain 7, which multiplied by 
7, the product is 4.9, which added to 25, the ſum 
is 29.9. Then extend the compaſſes from 18.95, 


the gage point Engliſh, to 29.9, that extent turned 


twice from 40 (the length) .will fall upon 99.6 
gallons ſomething more than before, 
4 Quefln 
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Queſtion 19. There is a ſtone 20 inches long, 15 
inches broad, and 8 inches thick, which weighs 217 
pounds; I demand the length, breadth, and thick- _ 
neſs of another of the ſame kind and ſhape, which 
weighs 1000 pounds? 

The Cube of 20 (the length) is 8000. Then, 
(by Euclid, 11. 33.) 

As 217 : 8000: : oo: 36870. 645, whoſe cube 
root is 33.28 inches, the length of the ſtone weighing 
1000 pounds. Then ſay, 

As 20: 33-28 : : 15 : 24-96 
As 20: 33-28::8: 13.312 


The length 33.28 | - 
Anſwer J The breadth 24.96 Iva. | 
The thickneſs 13.312 


Quęſtion 20. If an iron bullet, whoſe diameter is 
4 inches, weighs 9 pounds, what will be the weight 
of another bullet (of the ſame metal) whoſe diameter 
is 9 inches? | 
The cube of 4 is 64, and the cube of 9 is 729, 
then, (by Eucl. 12. 18.) 
tb t 
As 64:9: : 729: 102.515 
| Ib oz 


Anſwer. It weighs 102 8 4 fere. | 


Dueſtion 21. There is a ſquare pyramid of marble, 
each ſide of its baſe is 5 inches, and the height 
thereof 15 inches, and its weight is 12 pounds and a 
quarter; I demand the weight of another like ſquare 
pyramid, each fide of whoſe baſe is 30 inches? 

The cube of 5 is 125, and the cube of 30 is 
27000. Then, (by Bucl „. * | 

th th 
As 125 : 12.25 : : 27000 : 2646 
Anſwer, The weight is 2646 pounds. 


Queſtion | 
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Dueftion 22. There is a ball or globe of marble, 
whoſe diameter is 6 inches, and its weight 1 1 pounds; 
what will be the diameter of another globe of the 


Tame marble, that weighs 500 pounds? 
Tbe cube of 6 is 216. Then, 


+» IG | 
As 11 : 216 : : 500: 9818. 1848, 
whoſe cube root is 21.4 inches, the diameter ſought. 
Queſtion 23. There is a fruſtum of a pyramid, 


whoſe baſes are regular octagons; each ſide of the 
greater baſe is 24 inches, and each fide. of the leſſer 


baſe is 9 inches, and its length is 15 feet; I demand 


how many ſolid feet are contained therein ? 


244.8284 the tabular number, page 95. 
237 the ſquare of a mean ſide. 


337988 
144853 21 12 
96568 9 12 
1144. 3308 189 3144 
15 48 3 
372 16540 237 
14343308 
144) 1716496200119. 2 
276 
1324 
gf * 


OG 
Anſwer. -11 9.2 ſold tees. 


Que 


18 
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Quęſtion 24. There is a fruſtum of a cone, the 
diameter of the greater baſe is 36 inches, and the 
diameter of the leſſer baſe is 20 inches, and the 
length or height is 215 inches; I demand the 
length and ſolid content of the whole cone, and 


alſo the ſolid content of the given fruſtum ? 


Firſt find the length of the whole cone, thus: 


From 36 
Subtr. 20 


As 16 : 215 :: 36: 483.75 
ſo the length of the whole cone is 4834 inches. 


Then find the content of the whole cone. 


36 1017.8784 
36 52.161 
216 10178784 
108 6107270 
101788 

1296 20357 
7854 5089 


— _ feet. 
5184 1738)164132.88(94-98 


6480 — — 
10368 8612 
9072 17008 
14568 
Area baſe 1017.8784 
744 
Thus I find the ſolidity of the whole cone 94.98 


feet. 


| Then find the ſolid content of the top part that 
15 wanting. a 


7854 


* 
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78 54 the area of unity. 
400 the ſquare of 20. 


3)3 14.1600 area of the leſſer baſe; 

104-72 a third part. 

268.75 altitude of the top part. 

52360 
$73308 

377 | 
62832 Th 

20944 


1728)28143:500(16.28 feet. 


Content of the whole 94.98 
Content of the top piece 16.28 


Content of the fruſtum 78.7 


Dueſtion 25, If the top part of a cone contain 
26171 ſolid inches, and 200 inches its length, and 
the lower fruſtum thereof contains 159610 ſolid 
inches; I demand the length of the whole cone, and 


the diameter of each baſe ? 


200 1596101 a, 
200 _ LS add 
40000 , 195781 the ſum. 

200 | 


$000000 
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Ae 26111: 8000000: t 185781 : to 56789881, 
whoſe cube root is 384.3 inches, the length of the 
whole cone. 


Then find the diameter of the leſſer baſe, thus; 
200)26171 * - | 
130.85 5 
3 
392: 65 area of the leſſer baſe, 
Then, by to. 10 Sect. IX. Chap. I. 
As 1 : 1.2732 :: 392.565 
| 1.2732 


785130 
1177605 
2747955 
785130 
392565 


e —⅜¾ʃeͥkg— 


499.8 1375 80(22.35 
4 


42) 99 
4 
443) 1581 
1329 


4465025237 
22325 


„ 
Leſſer leng. leſſ. diam. great. leng. gr. diam. 
Again, As 200 : 22,335 : 384.3 12 


The diameter of the greater baſe 42.94 
The diameter of the leſſer baſe 22.35 


Rueſtion 


\The length of the whole cone 384.3 
at. 
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Dueſtion 26. There is a fruſtum of a cone whoſe 
ſolid content is 20 feet, and its length 12 feet; and 
the greater diameter bears ſuch proportion to the 
leſſer as 5 to 2; I demand the diameters. 


5X 5225 | 3)12 
IX2S 4 — 
5X2=10 4)20(5 Feet. 
The ſum 39 , "Theſe 5 feet are the triple 
| of a mean area. 


Then, as 1: 1.27324: : 5: 6.3662. 
So the triple ſquare of a mean diameter is 6.3662. 


Then, as 39: 6.3662 : : 25 : 4.080897. 
This 4.080897 is the ſquare of the greater diame. 
ter, whoſe ſquare root is 2.020123 feet which is 


24.24147 inches, 


Then, as 5: 24.24147 : : 2 : 9.69659. 
So the greater diameter is 24. 24147. the leſſer 
diameter is 9.69659 inches. 


Dueſtl. 27. There is a room of wainſcot 129 feet 
6 inches in circumference, and 16 feet g inches high, 
(being girt over the mouldings) there are two wia- 
dows each 7 feet 3 inches high, and the breadth of 
each from cheek to cheek, 5 feet 6 inches ; the 
breadth of the ſhutters of each is 4 feet 6 inches: 
the cheek-boards and top and bottom boards of cach 
window taken together, is 24 feet 6 inches, and 
their breadth 1 foot 9 inches; the door caſe 7 
feet high, and 3 feet 6 inches wide; the door z feet 
3 inches wide; I demand how many yards 0 
wainſcot are contained in that room? 
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The content of the room 2169 1 6 
The ſhutters, at work and half 97 10 6 
The door, at work and half 34 1 6 
The check- boards, Oc. 85 9 © 
The ſum 2386 10 6 
The window. lights and door- eaſe deduct 104 3 © 
9) 2282 7 6 
Anſe. 253 yards, 5 feet. $ 253 5 


DPueſt. 28. There is a wall which contains 18225 
cube feet, and the height is 5 times the breadth, 
and the length 8 times the height; what is the 
length, breadth and height ? 


Suppoſe the breadth 2, then the height muſt be 
10, and the length 80 ; which three nambers mul- 
tiplied together, the product will be 1600, and the 
cube of 2 is 8: then ſay, 


As 1600:8:: 18225 291.125. 


Then the cube root of 91.125 is 4. 5, which is the 
breadth; then 5 times 4.5 is 22.5, the height; and 
B times 22.5 is 180, the length. 


Queſt. 29. There is a may-pole, whoſe top-end was 
broken off by a Þlaſt of wind, and the top-end in 
falling ſtruck the ground at 15 feet diſtance from 
the foot of the may-pole ; the broken piece was 
39 feet; now I demand the length of the 
may-pole ? 

By Eucl. 1. 47, the ſquare of the hypothenuſe of 
a right-angled triangle, is equal to the ſum of the 
ſquares of the baſe and perpendicular. 

Therefore, from the ſquare of 39 ſubtract the 
ſquare of 15, the ſquare root of the remainder 1s 
the piece ſtanding, to which add the piece broke 
off, and you have the whole length. ; 

| 39 
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39 15 
39 15 
35! 75 
117 15 
1521 225 
225 
1296036 
9 
66) 396 
396 


The piece ſtanding is 36 feet. 
The piece broken off is 3g feet, 


— 52 


The whole length 75 


Dueſft, 30. 
A may-pole there was, whoſe length I would know ; 
The ſun ſhining clear, ſtraight to work 1 did go: 
The length of the ſhadow, upon level ground, 
Juſt ſixty-five feet, when meaſured J found: 
A ſtaff I had there, jult five feet in length; 
The length of its ſhadow was four feet one tenth: 
How high was the may- pole, I gladly would know, 
And it is the thing yau're defir'd to ſhew. 


By Zucl. 6. 4. 
As aA :aAb:: AB: BC. 


Cca Tha 


0 
: | 
: a 
* 
t . 
4 
= : 
. 
| 1 
N N 
. \ 


. - 
—yͤ— ——— —— — S 
— 


— —— 


292 Practical Bueſtions, Part II. 
That is, 
As 4.1: 5: : 65 : 79.26. 


So I find the height of the may - pole to be 79 feet 
and a little above three inches. 5 6 Fw C 


| 
3 


Here AB repreſents the length of the ſhadow of 
the may-pole, and BC the may-pole ; aA the ſha- 
dow of the ſtaff, and Ab the ſtaff. 


Aue. 31. What will be the diameter of a globe, 
when the ſolidity and ſuperficial content thereof are 
equal ? | 
If the diameter be 1, the ſolidity will be .5236, 
aud the ſuperficies will be 3.1416 ; that is, as 1 to 
6. And to find the ſuperficial content, we mult 
multiply 3.1416 by the ſquare of the axis or diame- 
ter, and the product is the ſuperficial. content. And 
for the ſolidity, multiply .5236 by the cube of the 
axis, the product is the folid content; therefore, 
becauſe .5236 is a ſixth part of 3.1416, we mult 

take fix for the diameter Rocks For if 3 1416 be 

multiplied by the ſquare of 6, wiz. by 36, the pro- 

duct will be 113.0976 ; and if. 52 36 be multiplied 

by the cube of 6, viz. by 216, the product is like- 

wiſe 113.0976, the ſolidity equal to the ſuperficies. 
Therefore, 6 is the true anſwer. 

, Queſt. 
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Oueſt. 32. What will the axis of a globe be, when 
the ſolidity is in proportion to the ſuperficies, as 18 
to8? 


Becauſe the ſolidity and ſuperficies is as 1 to 63 
when the axis of the globe is 1, it will be 


As 8: 18: : 6: 13.5. 
So the diameter ſought is 131. 


If the proportion of the ſolidity to the ſuperficies 
had been as 8 to 18, then it will be 


As 18:8 :: 6: 25. 
So then the diameter will be 3. 


The reaſon of theſe operations, both in this and 
the laſt Queſtion, is from Algebra. 


Queſt. 3 3. There are three Grenade ſhells of ſuck 
capacity, that the ſecond ſhell will juſt lie in the 
concavity of the firſt, and the third in the concavity 
of the ſecond. The ſolidity of the metal of the 
firſt ſhell is equal to its concavity ; and the ſolidity 
of the metal of the ſecond, te the concavity, 1s as 
7 to 5; and the ſolidity of the third or leaſt ſhell's 
metal, to its concavity, is as 9 to 4. Now ſup- 
poſing the diameter of the firſt, or greateſt ſhell, 
to be 16 inches, and allowing every ſolid inch of iron 
to weigh four ounces ; I demand the diameter of the 
two leſſer ſhells, and the thickneſs and ſolidity of 


_ of every ſhell, and alſo the weight of every 
ell. 


The cube of 16 is 4096 : then, . 
As 1 :.5236:: 4096: 2144-6656. 


The half thereof is 1072. 3328, which is the ſo- 


lidity of the metal of the greater ſhell, as alſo of the 
concavity. | 


As .5236 : 1 :3 1072.3328 ; 2048. 
C 3 9 The 


| 
i 
$ 
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The cube root of 2048 is 12.699, which is the 
diameter of the ſecond ſhell. 
The ſum of 7 and 5, is 12 then, 


* 


As 12: 5: : 102.3328: 446.205. 


This 446.805 is the ſolid content of the Py 
of the ſecond. 
As .5246 : 1 : 446.805: 853.333. 
The cube root of 853.333 is 9.485, the diameter 
of the leaſt ſhell, 


The ſum of 9 and 4 is 13; then, 


As 13: 4:: 446.805 ; 13747846. 


This 137.47846 is the ſolid content of the con- 
cavity of the third. 


As. 5236: 1:7 137-47846 ; 262.5639. 
The cube root of 262. 5639 is 6.4034, the dia- 
meter of the leaſt fhell's concavity. 


From 16 the diameter of the we" 
Subtr. 12.699 the diameter of the ſecond. 


Rem. 43.301 


Half is =1.65 the thickneſs of metal of the great. 


From 12.699 the diameter of the ſecond. 
Subtr. 9.485 the diameter of the leaſt, 


Rem. 3.214 


Half is: 1.607 the thickneſs of metal of the ſecond. 


From 9.485 the diameter of the leaſt. 
Subtr. 6.403 the diameter of the concavity. 


Rem. 3.082 
Half is 1.541 the thickneſs of metal of the 5 
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The metal of the greateſt is 1072. 33 ſolid inches; 
which divide by 4 (becauſe every ſolid inch is a 
quarter of a pound) the quotient is 258.08 pounds. 


The metal of the ſecond is 625.52 ſolid inches 
which divided by 4, the quotient is 156.38 pounds, 
the weight of the ſecond. 


The metal of the leaſt ſhell is 309. 32 ſolid inches 
which divided by 4, the quotient 1s 77.33 pounds, 
the weight of the leaſt. 


ThE diameter | ſecond ſhell 12.699 [ 
of the br ſhell — 9.485 . 


The thickneſs C greateſt — 1.65 

of metal of f econd — 1.607 Finches 
; reateſt — 268.08 

arty ns A Econ — 1 $6.39 pounds 
leak — 77.33 
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Additional Queſtions in SUPERFICIAL 
MEASURING. 


Dueſtion 1. HAT difference is there between 

a floor, 28 feet long, by 20 broad, 
and two others, that meaſure 14 feet a piece by 10; 
and what do all three come to, at 45s. per ſquare, 
vin. 10 feet by 10? 


Anſwer, 280 ſq. feet. Diff. amount 18“. 187. 


Dueſt. 2, If my Court-yard be 47 feet 7 inches 
ſquare, and 1 have laid a foot way of Purbec ſtone, 
4 feet wide, along one fide of it: what will pav- 
ing the reſt, with flints, come to, at 6d. per yard 
ſquare ? | 

Anſeu. 5l. 155. 2d. 


Oueſt. 3. An elm plank is 14 feet 3 inches 
long, and I would juſt have a yard ſquare ſlit off: 
at what diſtance from the edge, mult the line be 
ſtruck ? 


_ Anſeo. 7 inches 157. 


Quel. 4. J have a wooden trough, that at 64. per 
yard, colt me 3s. 2d. painting within; the length of 
it was 102 inches, the depth 21 inches: what was 
its breadth ? 


Anfe. 2 feet, 3% inches. 


Dueft. 5. Having a fiſh pond of a triangular 
form ; whoſe three ſides meaſure 400 yards, 34% 
and 312: what quantity of ground does it cover? 


nſw. 52284 1 ſquare yards. 
Dueft. 6. The height of an elm, growing in 


the middle of a circular iſland, zo feet in diameter» 
| plumbs 
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plumbs 53 feet, and a line ſtretched from the top 
of the tree, ſtraight to the hither edge of the wa- 
ter, 112 feet: what then is the breadth of the 
moat, ſuppoſing the land on either ſide the water 
to be level? | 

Anſw. $37 leet. 


Oueſt. 7. Syppoſe a light-houſe built on the top 
of a rock; the diſtance between the place of ob- 
ſervation, and that part of the rock level with the 
eye, and directly under the building, is given 310 
fathoms; the diſtance from the top of the rock, 
to the place of obſervation, is 423 fathoms; and 
from the top of the building 425 : the height of the 
edifice is required ? 


Anſe. 17 feet, 7 inches, nearly. 


Duel. 8. A ladder 40 feet long, may be ſo 
planted, that it ſhall reach a window 33 feet from 
the ground, on one fide the ſtreet; and without 
moving it at the foot, will do the ſame by a window 
31 feet high, on the other ſide : the breadth of the 
ſtrect is required? 

Anſw. 56,5 feet. 


Oueſt. 9. The paving of a triangular court, at 
18d. per foot, came to 10cl. the longeſt of the three 
ſides was 88 feet: what then was the ſum of the 
ether two equal ſides ? 

Anſw. 106.85 feet. 


Duet. 10. There are two columns in the ruins of 
Perſepolis, left ſtanding upright ; one is 64 feet above 
the plane, the other 50: between theſe, in a right 
line, ſtands an antient ſtatue, the head whereof is 
97 feet from the ſummit of the higher, and 86 feet, 
from the top of the lower column ; the baſe where- 
of meaſures juſt 76 feet to the center of the 

figure's 


i 
| 
| 
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ſigure's baſe: by theſe notices, the diſtance of the 
- top of the columns may be, by numbers, eaſily 
found ? 
Anſwer, 157 feet, nearly. 


Queſt. 11. The ſurveying wheel is ſo contrived, 
as to turn juſt twice in the length of a pole, or 


16; feet: what then is its diameter? 
Anſever, 2. 626 feet. 


Auel. 12. I would turf a round plot, meaſuring 
120 feet about, and would know the charge at 4d. 
per yard ſquare ? 

Lnſwer, 21. gs. 10d. nearly. 


Queſt. 13. It is obſerved that the extreme end 
of the minute hand of a public dial, moves juſt 5 
inches in the ſpace of 34 minutes: The queſtion is 
what is 1. length of that index ? 

Anſwer, 14.69 inches. 

Queſt. 14. A pipe of 6 inches bore will be; 
hours in running off a certain quantity of water: 
what time will 4 pipes each 3 inches bore, be in 


diſcharging double the quantity ? 
Anſewer, ö hours, 


Oueſt. 15. A yard of rope 9 inches round 
weighs, ſuppoſe, 22th : what will a fathom of that 


weigh, which meaſures a foot about ? 
Anſwer, 78 Ib. 


Oueſt. 16. If 20 feet of iron railing ſhall weigh 
half a ton, when the bars are an inch and quarter 
ſquare, what will 50 feet of ditto come to at 330. 
per pound, the bars being but 3 of an inch lags? 


Anſwer, 20ʃ. 
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Dueft. 17. A looking-glaſs is 16 inches by 9, 
and contains a foot of glaſs : What will the content 
of the plate be that has twice the length, and three 
times the breadth ? 
Anſwer, 6 ſquare feet. 


— 


% 


Dueſtions in SOLID MEASURING. 


Feſt. 1. Priſm of two equal baſes, and fix 
equal ſides, that meaſures 28 inches 
croſs the center from corner to corner : the ſuperfi- 
cial and- the ſolid content is required, taking the 
length at 134 inches? 
Anſwer, Superf. 9 yards, 4 feet, 3 inches. 
Solid 39 feet, 843 inches 


DPueſlion 2. I have a rolling ſtone 44 inches in 
circumference, and am to cut off three cubic feet 
from one end: Whereabouts muſt the ſection be 
made ? | 


Anſwer, At 33.06 inches. 


Que /t. 3. Suppoſing the atmoſphere, or body of 
the air and vapours ſurrounds the the globe of the 
earth and ſea, to 60 miles above the ſurface ; the 
earth is 7970 miles in diameter ; how many cubic 
yards of air then hang about, and revolve along with 
this planet : and what is the weight of the whole 
maſs of fluid matter in the atmoſphere contained if 
at a medium 12th Awvoirdupois, be found experimen- 
tally, as in fact it is, to preſs upon every circular 
inch, on the ſurface of the earth ? 

Anſewer, Meaſure 662642542741 48761600 ſolid 


yards, weight 1224019163676672000 pounds 


Avoirdupgis. 


Dueſtion 23 
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Aue. 4. A cork may be cut into ſuch a form, 
that it may, without alteration, ſeverally fill the ca- 
vity of a circle an inch in diameter, of an equilateral 
triangle, whoſe ſides are each an inch, and a geome- 
trical ſquare, alſo an inch, on a fide, What muſt be 
the ſhape ? 

Anſwer. It will be a wedge, whoſe baſe, being cir- 
cular, will fill the round : the ridge-front will reple- 
niſ the ſquare, and the end-ſeAion make out the 
triangle. 


Oueſt. 5. Let it be demanded to find the fide and 
ſolid content of the greateſt cube that can be con- 
tained ina globe of 27 inches diameter, 


Oueſt. 6. If a piece of timber 48 feet long, 6 in. 
ches broad, and 14 inches thick, coſt 100. what i; 
the value of 5 ſuch pieces which are 8 feet long, 4 
inches broad, and 6 inches thick? 


Queſt. 7. If zoo men in 15 days dig a trench 
5600 feet long, 6 feet deep, and 12 wide ; how long 
muſt that trench be whoſe depth is 8 feet, and width 
14 feet, dug by 2700 men in 25 days ? 


Oueſt. 8. If 24 men working 189 days 12 hour 
each day, dig a trench 33% yards long, 34 deep, and 
57 wide; how many hours per day muſt 217 men 
work to dig a trench 23 yards long, 24 deep, and 
3F wide in 6 days? 


Duefl. 9. A Bath-ſtone, 20 inches long, 15 over, 
and 8 deep, weighs 22otb. How many cubit fe! 
thereof will freight a ſhip of 290 ton ? 
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APPEND S 


$ I. Of GAGING, according to both the 
Iriſh and Engliſh Gallon. 


1 SHALL not here give the whole art of gaging, 
(there being ſeveral books of that art already in 
print, wrote by better hands) but ſhall only lay 
down ſome ſhort practical rules whereby any artifi- 
cer or others, may find the quantity of liquor in any 
veſſel, upon occaſion. 


PROBLEM L 


To find the ſeveral Multipliers, Divifors 
and Gage-points, belonging to the ſeveral 
Meaſures now uſed in England and 
Ireland. 

1 

et 282)1,0000(.003546 Multiplier for ale gallons. 
231)1.0000(.004329 Multiplier forwine gallons. 
268.8)1 591 25 37202 Multiplier for corngallons 

2150.42 )1.000(.00046502 Multip. for corn buſhels 

217.6)1.0000(.004595 5 Multip. for ri/b gallons 


D d So, 
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So, if the ſolid inches in any veſſel be multiplied 
by the ſaid multipliers the product will be gallons in 
the reſpective meaſures: or, dividing by the diviſors 
282.231, 268. , or, 217. 6, the quotients will like- 
wiſe be gallons. 


NOTE, That 282 ſolid inches is a gallon of ale 
or beer meaſure; 231 ſolid inches is a gallon of 
wine meaſure; 368.8 ſolid inches is a gallon, and 
2150.42 ſolid inches is a buſhel of corn-weaſure. 
Alſo 217.6 ſolid inches is a gallon Ji both of ale, 


wine, or oil. 


For circular areas, the following multipliers and 
diviſors are to be uſed. 


282).785398(002785 Multiplier for ale gallons. 
231).785398(00339 Multiplier for wine gallons. 
2176).785398(003609; Multiplier for J gallons 
785 398)282 (359.05 Diviſor for ale gallons. 
785598) 2310294. 12 Diviſor for wine gallons. 
785 3982150. 42( 2738 Diviſor for corn buſhels, 
-785398):17.6(277.05 Diviſor for /riſþ gallons. 
The ſquare root of the diviſor is the gage-point. 


Ale meaſure, 16.79 

The gage-point ] Wine meaſure, (. } 15.19 
for ſquares in] Malt buſhel, 1746.36 

| Iriſh gallon, 14.75 


Ale meaſure 18.95 
mT 2 7 J 
4 5 . Wine meaſure, . J 17.15 

1 ar 1. J Malt buſhel, J 52.32 
2 | Iriſh gallon, 16.64 


PROB- 
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PROBLEM H. 


Wa 


To find the Area in Ale, Wine, or Iriſh 
Gallons, of any rectilineal plane Figure, 
whether Triangular, Quadranguiar, or 
Muliangular. 


O reſolve this problem, you muſt, by Chap. I. 

Part II. ſind the area in inches and then bring 

it into gallons, by dividing that area in inches by 

the proper diviſor, viz. by 282 for ale, or by 231 

for wine, or 217.6 for /riſh; or elſe by multiplica- 

tion, by .0035.46 for ale, by .004329 for wine, by 

.0045955 for Iriſb, and the quotient or product will 
be the area. 


Example. Suppoſe a back or cooler in the form 
of a parallelogram, or long ſquare, 250 inches in 
length, and 84.5 inches in breadth : what is the 
area in ale, wine, or Iriſb gallons ? | 


Multiply 250 by 84.5, and the product is 21125 
the area in inches; which divided by 282, and the 
quotient is 74-9 gallons of ale; or multiplied by 
.003546, the product is 74. 90925 gallons, neatly the 
ſame ; and if 21125 be divided by 231, or multiplied 
by .004329, it will give 91.45 gallons of wine; and 
if 21125 be divided by 217.6, or multiplied by 
004595, it will give 97.06 7ri/h gallons, | 


By Seale and Compaſſes. 


Extend the compaſſes from 282 to 250, that ex- 
tent will reach from 84.5 to 74.0: And 

Extend from 2;1 to 250, that extent will reach 
from $4.5 to 91.45. 

Extend the coinpaſſes from 217.6 to 250, that 
extent will reach from 84.5 to 97.06. 


Dd 2 N9ITE, 
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NOTE, The areas of all ſuperficies are always 


to be underſtood to be one inch deep, otherwiſe it 
could not be ſaid that the area of ſuch a parallelo- 
gram, circle, Oc. is ſo many gallons, | 


Having found the area of a back or cooler, the 
- next thing will be to find out the true dipping or 
gaging-place in that back, that ſo the true quantity 


of worts may be computed at any depth ; which 
may be thus done. 


1. When the bottom of the back is covered all 
over (of any depth) with werts or other kquor, then 
dip it in eight or ten ſeveral pieces ( more or leſs, ac- 
cording to the largeneſs of the back) as remote and 
equally diftant from each other as you can well do, 


noting down the wet inches and decimal parts of 
every dip. | 


2. Divide the ſvm of all thoſe dips by the num- 


ber of places you dipped ing and the quotient will 
be the mean wet of all thoſe dips. 


3. Laſihß, find out ſuch a place by the ſide of the 
back (if you can) that jult wets the ſame with that 
mean dip, and make a notch or mark there for the 
true and conſtant dipping place of that back. 


Then, if any quantity of worts (which covers 
the whole back) be dipped or gaged at that place, 
and the wet inches ſo taken be multiplied into the 
area of the back in gallons, the product will ſhew 
how many gallons of wort are in that back at that 
time, provided the ſides of the back do ſtand at 
right-angles with the buttom, 


PROBLEM 


A 
[i 
* 
. 
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PROBLEM III. 


The Diameter of a Circle being given in 
Inches, to find the Area thereof in Ale, 
Wine, or Iriſh Gallons. 


F the ſquare of the diameter be multiplied by 
002785 for ale, or by. 03 399 for wine, or by 
.co36093 for Iriſh gallons; or if it be divided by 
359.05 for ale, or by294.12 for wine, or by 277.05 
for Iriſh gallons, the products or quotients will be 
the reſpective ale, wine, or Iriſh gallons, 


Example. Suppoſe the diameter of a circle-be 
32.6 inches, what will be the area in ale, wine, or 


Iriſh gallons ? 
The ſquare of 32.6 is 1062.76. 


Then 4359.05) 1962.76(2.9599 Area in ale gal. 
And 294-12) 1062.76( 3.6133 Area in wine gal. 
And 277.05) 10627613. 8565 Areain Iriſhgal. 
Or 1062.76 *. 02785 22.9599 Ale gal. 
And 1062. 76 X. 03 399 2 3.6133 Wine gal. 
Aud 1062.76 X.003609=3.8565 Iriſh gal. 


By Scale and Compaſſes. 


Extend the compaſſes from 18.95 (the gage - point 
for ale) to 32.6 (the diameter) that extent will reach 
from 1 to a fourth number and from that fourth to 
2.9599 gallons. Or extend the compaſſes from 1 
to 32.6, that extent, turned twice over from ,002785 
will at laſt fall upon 2.9599. 

For wine: extend from 17.15 (the gage-point for 
wine) to 32 6 (the diameter) that extent turned twice 
over from 1, will at laſt fall upon 3.6133 gallons. 


D d 3 Or, 
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4 — 
Or thus: extend from 1 to 32.6, that extent will 
reach from. oo3 399 (being twice turned over) to 
3.6133 wine gallons. 


For Iriſh gallons: extend from 16.64 (the Iriſh 
gage point) to 42.6 (the diameter) that extent, 
turned twice over from 1, will at laſt fall upon 
3.8565, the Iriſh gallons ſought. 


— 


PROBLEM Iv. 


T he tranſverſe (or longeſt Diameter) andthe 
Conjugate or ſhorteſt Diameter, of an El- 
lipſis (or Oval) being given, to find its 
Arca in Ale, Wine, or Iriſh Gallons. 


F the rectangle, or product of the twe diameters, 
that is, of the length and breadth of the oval, 

be divided by 359.05, or multiplied by. 02 785 for 
ale, or divided by 294-12, or multiplied by .003 399 
for wine, or divided by 277.05, or multiplied by 
:0036093 the quotients or products will be the ale, 


wine, or Irifh gallons required. . 


Example. Suppoſe the longeſt diameter be 81.4 
inches, and the ſhorteſt diameter be 54.6 inches, 


what will be the area of that oval? 


Multiply 81.4 by 54.6, and the product is 
4444-44 ; then 


359.05)4444 44(12.38 Area in ale gal. 
294-12 )4444-44( 15.11 Area in wine gal. 
277.05)4444.44(16.71 Area in Jriſþ gal. 
Or 4444-44 X .002785=12.38 Ale gal. 
And 4444. :4 X -003399=15.11 Wine gal. 
And 4444-44 X .003609=16.1 Iriſh gal. 


By 


PS 
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- By Scale and Compaſſes. 


Firſt find a mean proportional between 81.4 and 
54.6, by dividing the diſtance between them into 
two equal parts, and the middle point will be at 
66.6, which is the mean proportional, that is, the 
diameter of a circle equal to the oval. Then extend 
the compaſſes from 18.95 (the gage-point for ale) 
to 66.6, that extent turned twice over from 1, will 
at laſt fall upon 12 38 ale gallons; and extended 
from 17.15 (the gage-point for wine) to 66.6, that 
extent, turned twice over from 1, will reach at laſt 
to 15.11 wine gallons, 


- Laſtly, Extend the compaſſes from 16.64 (the [ri/b 
gage-point) to 66.6, that extent, turned twice over, 
from 1, will at laſt fall upon 16.1 Jriſb gallons, 


PROBLEM V. 


To find the Content in Ale, Wine, or Iriſh 


Gallons, of any Priſm, what Form ſoever 
its Baſe is of. 


IRST find its ſolid content in inches (by ſe&. 

I, 2, 3, of Chap. II. Part II.) then divide that 

content in inches by 282, for ale, or by 231 for. 

wine, or by 217.6 for J[riſh; the reſpective quo- 

2 will be the content in wine, ale, or Jriſb gal- 
ns. 


Otherwiſe, you may find the content of a Priſm, 
by finding the area of its baſe in gallons (by Prob- 
lem 11. of this Appendix) and multiply that 8 


the tun's height or depth within, the product 
be its content in gallons, 


Example 7 
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Example. Suppoſe a tun, whoſe baſe is a paral- 
lelogram right-angled, its length being 49.3 inches, 
its breadth 36.5 inches, and the depth of the tun 


is 42.6 inches; the content in ale, wine, and 1rifþ 
gallons is required. 


The length, breadth and depth being multiplied 
continually, the product is 76656. 57; which divided 


by 282, the quotient is 271. 83 ale gallons; and 


divided by 231, the quotient is 331.84 wine gal- 
lons; and divided by 217.6, the quotient is 252.23 


Triſh gallons ; and by dividing by 2150.4, ſuch 8. 


ciſtern will be found to hold 35.65 buſhels of corn. 


By Scale and Compaſſes. 


Extend the compaſſes from 282 to 36.5 (the 
breadth of the baſe ) that extent will reach from 49.3 
(its length) to 6.438 ale gallons (the area of the baſe) 
then extend from 1 to 42.6 (the depth) that 
extent will reach from 6.38 (the area of the baſe) 
to 271.8 gallons, the content, 


PROBLEM VL. 
To find the Content of a Tun, whoſe Baſe: 


are alike and parallel, but unequal, being 


the Fru/tum of a Pyramid. 


IND the area of each baſe, and a mean pro- 

portional between them, and multiply the ſum 
of thoſe three by one third part of the depth or 
height, and the product is the content. 


Example. Suppoſe a tun whoſe baſes are paral- 
lelograms, the length of the greater is 160 — 
an 
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and its breadth 70 inches; the length of the leſſer 
baſe £o, and its breadth 56; and the depth of the 
tun 42 inches; the content in ale and wine gallons 
is required. 


Multiply 100 by 70, the product is 7000, the area 
of the greater baſe; and 80 multiplied by 56, the 
product is 4480, the area of the leſſer baſe ; then 
multiply the two areas into each other, and the pro- 
duct is 31360000, whoſe ſquare root is 5600, a 
- geometrical mean proportional. 


The greater area 7000 
The leſſer area my: add 
The mean proportional 5600 


i 17080 
A third of the depth 14 


68320 
17080 


282) 2391200847. 94 Ale gal. 
231) 23912001035. 15 Wine gal. 
217.6) 23912001048. 9 Iriſh gal. 


PROBLEM VII. 
To find the Content of a Tun, whoſe Baſes 


are parallel and circular, being the 


Fruſium of a Cone. 


OU may find the content as in the laſt r-, 

by multiplying the ſum of the areas ft two 

baſes, and a mean proportional, by one third part of 
the depth. 


But 
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But it will be a ſhorter way to find the area of a 
mean circle in gallons, and multiply that by the 
depth, thus: To the rectangle of the greater and 
lefſer diameters, add one third part of the ſquare of 
the difference of the diameters, that ſum is the 
ſquare of a mean diameter, which divided by 
359.05 for ale, or by 294.12 for wine, or by 277.05 
for /ri/h gallons; gives the area of a mean circle in 
ale, wine, or /ri/þ gallons ; which multiplied by the 
depth, gives the content, | 


Example. Suppoſe the greater diameter 80 inches, 


and the leſſer diameter 71 inches, and the depth 34 
inches; the content in ale, wine, and 7rifþ gallons 
is required. 


Multiply 80 by 71, and the product is 5680 to 
which add 27 (a third part of the ſquare of the 
difference of the diameters) and the ſum is 5708, 
which is the ſquare of a mean diameter: which di- 
vide by 359.05, and the quotient will be 15.895 ale 
gallons the area : which multiply by 34 (the depth) 
and the product will be 540.43 gallons, the content. 


By Scale and Compaſſes. 


Add the two diameters together, and take half the 
ſum, which is 75.5, which take for a mean diameter 
(though it is not exact, yet it will be near enough 
the truth, if the difference between the diameters be 
not great) extend the compailes from 18.95, the 
gage - point tor ale, to 75.5, the mean diameter; 
that extent will reach from 34, the depth, to a 
fourth number, and from that to 540.4 gallons, the 
content, 


And if yeu extend the compaſſ from 17. ©, the 

: * 1 5 
gage · point for wine, 10 75. extent will reach 
from 4 (twice turne d over) to 659.7 Salons of 


Wine, 
Lailly, 
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Laſtly, If you extend the compaſſes from 16.64, 
the 7ri/h gage- point, to 75.5, that extent will reach 
from 34 (twice turned over) to 700.3 Triſb gallons. 


The method uſed by the gagers for all ſuch tuns, 
is to take the diameter in the middle of every 10 
inches, that is, at five inches from the bottom, and 
at 15, and at 25, Oc. 


Then they find the area to every one of theſe di- 
ameters, and enter them in their books : then, 
when they ſurvey, they take the wet inches and 
parts that the liquor in the tun is in depth, and 
every 10 inches they take the reſpective areas and 
remove the ſeparating point one place towards the 
right hand, and for what odd inches of the depth 
above the even tens, they multiply the next area 
by them, and ſo add all the ſeveral products toge- 
ther, and the total will be the gallons of liquor in 
the tun. 


Example. Suppoſe the diameter at 5 inches from 
the bottom be 64 inches, and at 15 inches from the 
bottom 67 inches, and at 25 inches, 70 inches, and 
at 35 inches from the bottom, the diameter is 73 
inches. Now the area anſwering 64 inches, is 
11.4078 ale gallons, and to 67 inches is 12.5023 
gallons ; and the area to 70 inches is 13.647 gal- 
lons, and to 73 is 14.8418 gallons: then ſup- 
pofing the depth of the liquor in the ſaid tun be 
found to be 33.6 inches; now, to caſt up this gage, 
firſt in the area anſwering to 64 inches, being mul- 
tiplied by 10, that is, by removing the ſeparating 
point a place towards the right hand, it will be 
114-078 gallons, and the next will be 125.023, and 
the next 136.47 gallons: now theſe three will be 
the content to 30 inches deep. Then to find the 
content of the 3.6 inches, multiply the next area 

14.8418 


312 Appendix. Sect. I. 


14.8418 by 36, and the product is 53.4305; add all 
theſe together, and the ſum is the whole quantity of 


liquor in the tun. 
The content at 10 inches deep 114.078 


The content at the next 10 inches 125.023 
The content of the next 10 inches 136.470 
The content of the 3.6 inches 5 2-430 


The whole quantity of 3 
in the tun, ale gallons VOL? 


PROBLEM VII. 


To find the drip or fall of a tun. 


UPPOSE the tun laſt mentioned was ſo placed, 
that when the bottom is but juſt covered on one 

fide, the liquor is 4 inches deep on the fide oppo- 
ſite : how much muſt be allowed for the fall of this 
tun; that is, how much liquor is there in the tun? 


The diameter in the middle of 4 inches From the 
bottom, 1s 61.6 inches, and the area anſwering 
thereunto is 10.568 ; which multiplied by 2 (that 
half 4) the product is 21.136 ale gallons; and fo 
much liquor will juſt cover the bottom. 


But ſuppoſe it was ſet ſo much on one ſide, as to 
be 30 inches deep on one ſide, when the liquor on 
the oppoſite ſide juſt cuts between the bottom and 
ſtaves, how much liquor will there be in the tun? 


Square che bottom diameter, and multiply that 
ſquare by the top diameter, and divide the laſt 
product by the ſum of the diameters, and to the 

| quotient 


( 
1 
t 
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uotient add the ſquare of the bottom diameter, 
and divide the ſum by 1077.15 for ale, or by 882.36 
for wine, or by 831.15 for /riſh Gal ons, multiply 
the quotient by the depth, the product is the con- 
tent. 5 | 


The bottom diameter of the forementioned tun 
is 61 iuches, and the diameter at 4o inches from the 
bottom is 71.5 inches; the ſquare of 61 is 3721, 
which multiplied by 71. 5, the product is 26605 1.5 ; 
this divided by 132.5 the ſum of the diameters, the 
quotient is 2007.936: to which add 3721, (the 
ſquare of 61) and the ſum will be 5728.936 ; this 
divided by 1077.15, the quotient is 5.3186 ; which 
multiplied by 3o, the depth, the product is 159.5, 8, 


the gallons of liquor in the tun. | 


When the fruſtum of a cone, or pyramid, is cut 
by a diagonal plane through the extremities of the 
diameters, as the liquor in the tun repreſents, ſuch 


ſolid is called a hoof. ( Vide Ward's Young Mathe- 
matician's Guide, page 415.) | 


If it be the hoof of a ſquare fruſtum, inſtead of 
dividing by 1077.15, divide by 846 for ale, or by 
693 for wine, or by 652.3 for Jriſb gallons. All the 


relt of the work is the ſame. 


PROBLEM IX. 


To Gage a COPPER. 


2 T ABCD be a ſmall copper to be gaged. 
Take a ſmall chord, or packthread, make one 
end faſt at A, and extend the other to the oppolite 
lide of the copper at B, where make it faſt, or cauſe 
ſome perſon to hold it. very {traight-z then ſet one end 
of the inſtrument in the bottom of the copper at C, 
and move it to and fro tiil you fiad the ucarelt diſ- 
E e tauce 
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tance to the thread (as at a) this diſtance, a C, is 
the depth of the copper, which ſuppoſe to be 47 


inches, 


In like manner ſet the end of the rule upon the 
top of the crown at d. and take the neareſt diſtance 
to the thread, (as dg) which ſuppoſe 42 inches, this 
ſubtracted from a C 47, the remainder 5 is the alti- 
tude of the crown. | 

To find CD, the diameter of the bottom of the 
crown: | 

Meaſure AB, the diameter of the top, which ad- 
mit it be 99 inches, then hold a thread ſo as @ plum · 
met at the end thereof may hang juſt over C, by 
which means you will find the diſtance aA. Do the 
like on the other ſide, ſo will you find alſo the diſ- 
tance cB, which ſuppoſe 17.5 inches each; add theſe 
two together, and ſubtract their ſym, viz. 35, from 
G9 and the remainder is 64 inches, the diameter at 
the buttum of the crown : the diameter which 
touches the top of the crown may be found by the 
Nliding rule to be 65 inches. 

Now to find the content of the copper from the 
crown upwards, that is, the part AB4h, the depth ęd 
being 42 inches, you may take a diameter in the 
middle of every 6 inches of the depth, which ſup- 
pole to be as in the ſecond column of the following 
table, the numbers in the third column are the 


reſpective 
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reſpective areas in ale gallons, found by Problem III. 


the fourth column ſhews the content of every6 inches; 
all which being added together, the ſum will he the 
content of that part ABE; that is, fo much as it 
will hold after the crown is covered. 

Now, if the crown be taken for the fruſtum of a 
ſphere, the content (by the latter part of Sect. XI. 
Page 187) will be found to be 28.75 gallons. 

But may be more readily found, very near the 
truth thus: 

The diameter CD was fonnd to be 64, and the 
area to this diameter is 11. 408; this multiplied by 
half the crown's altitude, vis. by 2.5, gives 28.52 
ale gallons, the content of the crown. 

The content of the part 54DC is 57.935 ale gal- 
lons, from which ſubtraQ the content of the crown, 
28.52, and the remainder is 29.415 ale gallons, and 
ſo much liquor will juit cover the crown. 


Parts of g: Content of every 
lhe depth Diameter Aren ſix inches 


— — — — 


6 95-3 25.2948 151-77 

6 90.1 22.6095 135.667 

6 85.0 20. 1223 120.734 

6 L-36 17.8240 | 106.947 | 
6 | 75-2 | 15-7499 94-499 

6 70.5 13.8420 83.056 | 

6 66. [121 19 72.501 | 


1 une um 707. 451 
To juſt cover the crown 29.415 


The whole content in ate gallons 794.866 


By Scale and Compaſſes. 


You may find the areas anſwering to every one 
the diameters thus: 

Extend the compaſſes from the gage-point to the 
diameter, that extent, being twice turued over from 
1, will at laſt fall upon the area of that circle; or- 
being twice turned over from 6, will give the con- 
tent of that 6 inches of the depth. 


E e 2 Example. 
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Example. Extend the compaſſes from 18.95 (the 
gage-point) to 95.3 that extznt, turned twice over 
rom 6, will at laſt fall upon 151.76 gallons the 
content of the firſt 6 inches. And ſo of the reſt. 


| PROBLEM X. 
To compute the content of any cloſe Caſh. 


N order to perform this difficult part of gaging, 
the three following dimenſions of the caſk muſt 
be truly taken, 
The bung-diameter, | 
Viz. j The head-diameter, : within the caſſc. 
( The length of the caſk, 

In taking theſe dimenſions it muſt be carefully 
obſerved, 

1. That the bung-hole be in the middle of the 
caik ; alſo, that the bung-ſtaff, and the ſtaff oppoſite 
to the bung-hole, are both regular and even within. 

2. That the heads of the caſk are equal, and truly 
circular; if fo, the diſtance between the inſide of 
the chine to the outfide of its oppoſite ſtaff, will be 
the head diameter within the caſk, very near. 

3. With a ſliding pair of ca//ip-rs, made for that 
uſe, take the ſhorteſt diſtance, or length, between 
the outſides of the two heads; from that length 
ſubtract 14 inch, more or leſs, according to the 
largeneſs of the caſk, for the thickneſs of the head; 
the remainder will be the length of the caſk within. 
But if the caſk be empty, you may take the length 
by putting a firaight rod in at the tap-hole and al- 
low for the thickneſs of the head, 


Now, by theſe dimenſions, one would think the 
content of the caſ was perfectly limited; but it will 
be eaſy to perceive, by the following figure, that the 
diameters and length of one caſk may be _ is 

t hole 
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thoſe of another, and yet one of thoſe caſks may con- 
tain ſeveral gallons more than the other. 


As for inſtance, the ſi- B 
ure ABCD is ſuppoſed RR 
10 repreſent a caſk N A SL 
it is plain, that if the out- | 
ward curved lines, ABC L —— 1 
and FG D, are the bounds, é | 
or ſtaves of the caſk, it 
muſt needs hold more than 
if the inner pricked lines 
were the bounds of flaves; and yet the bung dia- 
meter BG and the head-· diameter CD and AF, and 
the length LH, are the ſame iu both thoſe caſks, 


D 


Whence it appears that no one general rule can 
be given, whereby the content of al! ſorts of calks 
can be gaged. And therefore Gagers do uſually 
ſuppoſe every caſk to be in ſome of theſe forms. 

1. The middle fruſtum of a ſpheroid. 

2. The middle fruſtum of a parabolic ſpindle. 

3. The lower fruſtums of two equal paraboltc * 

conoids. 

4. The lower fruſtums of two equal cones, 


1. If the ſtaves of the caſk be very much curved 
(as the out ward lines of the Jai ſigure) then the caſk 
is ſuppoſed to be the middle fruttum of a ſpheroid. 


2. If the ſtaves between the hung and the head 
be ſomething leſs curved, then the caſk is taken to 


be the middle ſruſtum of \a parabolic ſpindle. 


3. If the ſtaves (between the bung and the head) 
be very little curved, then the ca“ is taken to be 
the lower fruſtums of two equal parabolic conoids 
abutting or joining together, upon one common baſe, 


4. If the ſtaves (between the bung and the head) 
be ſtraight, as the pricked line in the lall figure, then 
the talk is taken to be the lower fruſtums of two 

E e 3 equal 


Wo 
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equal cones, abutting or joining together upon one 


common baſe. 


There are ſeveral rules laid down in books of gag- 
ing, for finding the content of each ſeveral form, 
but I think the ſhorteſt and moſt practical way is to 
find ſmch a mean diameter, which will reduce the 
propoſed caſk to a cylinder; thus, 

Maltiply the difference of the bung and head dia- 
meters by .7 for the ſpheroid ; by .65 for the ſecond 
form ; by .6 for the third form, and by .55 for the 
fourth form; and add the product to the head dia- 
meter, and the ſum 1s a mean diameter. 


Example. Suppoſe the bung-diameter be 32 inches, 
the head diameter 24 inches, and the length 40 inches, 
the content in each variety is required. 


The difference between the bung and head dia- 


meters is 8, which multiplied by 7, the product is 


5.6; which added to the head-diameter, the ſum is 
29.6 for the mean diameter; the area anſwering 
thereunto will be found by Prob. III. to be 2.44 ale 
gallons : which multiplied by the length, the pro- 
duct is 97.4 gallons, and ſo much is the content, if 
it be of the firſt form. 

Again, If the difference of the diameters 8, be 
multiplied by. 65, the product will be 5. 2; Which 
added to the head diameter, the ſum is 2 2 for the 
mean diameter; and the area anſwering thereunto is 
2.3746 gallons; which multiphed by 40, the length, 
the product is 94.98 gallons, the content, if it be of 
the ſecond form. | jk 

Again, If the difference 8, be multiplied by 6, the 
product is 48; which added to the head diameter, 


the ſum is 28.8, the mean diameter; the area there- 
unto is 2.31 gallons; which multiplied by 40, gives 


the content 92.4 gallons for the third form. 
Again, the difference 8, multiplied by 55, the 
product is 4-4 ; which added to the head diameter, 
makes the mean diameter 28.4; the area thereof is 
2.2463, 
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2.246;, which multiplied by 40, the product is 89.85 
gallons for the third form. | 5 


By Scale and Compaſſes. 


Extend the compaſſes from the gage-point 18.95, 
to the firſt mean diameter 29.6, that extent will 
reach from the length 40, to a fourth number, and 
then to the content 97.4 ale gallons. 

Again, Extend from 18.95 to 29.2, (the ſecond 
mean diameter) that extent, turned twice over from 
40, will at laſt fall upon 94.48 gallons. 

Again, Extend from 18.95 to 28.8, (the third 
mean diameter) that extent, turned twice over from 
40, will at laſt fall upon 92.4 gallons. 

Again, Extend from 18.95 to 28.4, (the fourth 
mean diameter) that extent, turned twice over from 
40, will at laſt fall upon 89.85 gallons. 


Although I have all along made uſe of the line of 
numbers upon the common two foot or eighteen 
inch rules, for the reaſons mentioned in the Preface, 
yet the rules may eaſily be applied to the fliding 
rule, thus; to find the area of a'circle in gallons, 
ſet the gage-point upon P, (that is, a ſingle line of 
numbers) to 1 upon C, (that is, a double line) then 
_ any diameter upon D, is the area upon C, 
thus : I 

To find the content of the caſk laſt mentioned. 
The firſt form: 

Set the gage - point 18.95 upon D, to the length 
40 upon C; then, againſt the mean diameter 29.6 
upon D, is 97.4 gallons, the content upon C. 

And againſt 29.2 (the next mean diameter) on 
D, is 94-98 gallons on C. 

And againſt 28.8 (the next mean diameter) on 
D, is 92.4 gallons on C. 

And againſt 28.4 (the laſt mean diameter) on 
D, is 89.85 gallons on C. 


All done without removing the ſlider. 
A TABLE 
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ATABLE of the Segments of a Circle 
whoſe Area is Unity. 


V. S. Segm V. S. Segm V. S. Seam. V. 8. Segm 
I |.co17 Co 26 20661 747924 
2 . 0048 27 2178 73 7832 
3 Lo87 28 . 2:92] 72 | 7708 
4 0132 re 
E EEE 
6*þ0245 31 2640 69 736 
7 0308 32 27500 68 7241 
8 [0375 33 28780 67 7122 
9 10446 34 29980 66 þ 7002 
10 (0520 | Of 35 3119] 65 (6885 
f 11 |.o598\} 8g |. 36 32410 64 |.6759 
12 o 37 3364 63 (6636 
13 0764 38 3487 62 (6515 
14 0851 39 36110 61 (6389 
18. $294" 49 37.35} 60 þ6265 
16 1033 41 3860 59 6140 
17 1127 42 3986 58 (6014 
18 1224 43 4112 57 5888 
19 13,3 44 42380 56 5762 
. 22424 Ee 
21 1526 46 C4490 54 5509 
22 1631 47 46180 53 [582 
23 1757 48 4745 52 [5255 
24 1845 49 4873 5115127 
25 1955 590 „oo f 5o 1.5000) 


§ 1. I. zo find the Ullage, or Quaniliy if 

Liquor remaining in a Caſh, whoſe Au 

is parallel to the Horixon, the furſace if 

the Liquor cutting ibe Heads of the Ci. 
The RULE it, 


O the wet or dry inches of the bung diameter 


add a competent number of ciphers, then a. 
vide 


Sect. I. Of Gaging. 321 


vide it by the whole diameter, the quotient found 
in the table under the title V. S. gives a ſegment; 
which multiplied by the whole content of the caſk, 
the product ſhews the quantity of liquor in the caſk 
if the dividend was the wet inches, or the ullage, if 
it was the dry. 

Let there be a caſk in form of a cylinder, whoſe 
bung diameter is 29 inches, the dry part 13, and the 
wet 16, and the content 80 gallons; how many 
gallons are wanting to fill the caſk ? ; 

Divide the dry inches 13, by 29 the bung dia- 
meter, and the quotient is 448 find the two firſt 
figures .44 under V. S. and the ſegment againſt it is 
4238, to which add a proportional part for the 8. 
and the whole ſegment will be. 43333 which multi- 
plied by the content of the caſk, the product will 
be 34.664 gallons ; and ſo much the caſk wants of 
being full. 


NOTE, If the caſk be in the form of a cylinder 
or near that figure, the table will give the ullage 
exact enough; but if it be a ſpheroid caſk, then uſe 
the following method : 

1. By the bung and head diameters, find ſuch a 
mean diameter as you judge will reduce the propoſed 
caſk to a cylinder, and then find its content. 

2. From the bung diameter ſubtract the mean 
diameter, and take half the difference. 

3. From the wet inches ſubtract the ſaid half 
difference; reſerve this difference, then uſe this 
proportion; 

As the mean diameter: is to 100, 
(the diameter of the tabular circle) : : 
ſo is the reſerved difference: 

to a verſed fine in the table. 


Then, if the tabular ſegment be multiplied inte 


the content (as before) the product will be the 
quantity of liquor in the caſk, 


| Example, 
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Example. Let the calk be the ſame as in page 317 

of the firſt form, where the bung diameter is 42 
inches, and the mean diameter 29.6, and the con- 
tent 97.4 gallons; and ſuppoſe the wet inches 19. 
to find the quantity of. liquor in the catk. 


From 32 From 19 
Subtr. 29.6 Subtr. 1.2 
Rem. 2.4 Rem. 17.8 reſerved, 


— _ — — 


Half. 1.2 | 
As 29.6: 100 :: 17.8: 60, the V. 8. 


The ſegment to 60 is. 6265, which multiplied by 
97.4, the content, the product is 61 gallons, the 
quantity of liquor in the caſk, 


If the dry inches had heen given, by the ſame 
method you might have found the ullage, or what 
the caſlæ wanted of being full. 


Wy 
»” * 


§ 2. To find what quantity of liquor is in 
a Ca, when its Axis is perpendicular to 
the Horizon, viz. when it ſtands upright 
upon one of its Heaas. 


O da this, you muſt know how to calculate the | 


arza of any circle, between the bung and 
head, whoſe diſtance from the hung, or middle of 
the cafſk is given; which may be done by this pro- 
Portion: | 
As the ſquare of half the length of the caſt: 18 
te the difference between the bung and head areas 
; lo is the ſquare of any circle's diſtance from the 
bung: to the difference between the bung area and 
the area of that cirele, vis, the area of the liquor's 
ſurface. 
Then, 
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Then, from the bung - area ſubtract one third part 
of the aforeſaid difference, vis between the bung- 
area and the area of the liquor's ſurface ; multiply 
the remainder by the liquor's diſtance from the 
bung, and the product will ſhew what quantity of 
liquor is either above or under half the content of 
the caſſc. 


Example. Let us again ſup- 
poſe the caſk in page 317 
whoſe length is 40 inches, 
bung-diameter 32, and head- 
diameter 24, and ſuppoſe the 
wet inches SH 26 inches. 

The ſquare of half the 
length is 400, the diſtance of 
the liquor's ſurface from the C H D 
bung SI is 6, whoſe ſquare 
is 36; the area of the bung-diameter 2.8519 ale 
gallons, and the area of the head-diameter 1.6042 : 
the difference 1.2477. Then, 


As 400: 1.2477: : 36: .0751, 


One third is = .0250 


from 2.8519 Bung area, 
Subtr. .0250 a third of the difference. 


— — 


Rem. 2.8269 


6 Multip. diſtance from the bung. 


16.9614 Content above the bung. 
And 48.7 Half the content of the ca. 


65.66 The quantity of liquor in the caſk. 


PRO B- 
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PROBLEM XI. 
Caging M AI. I. 


O find the quantity of malt in a ciſtern, or 
upon a floor. 

Firſt, find the area of the baſe in bnſhels, by 
multiplying the length by the breadth, and dividing 
the product by 2150.42, or only by 2150, and multi- 
ply that area by the mean depth : (how to take the 
mean depth, fee Problem II.) If the baſe be circu- 
lar, or oval, divide by 2738. (See Problem I.) 

Example. There is a ciſtern whoſe length is 84 
inches, and breadth 54 inches, and the mean depth 
is 43.6 inches; what is the content? 

Multiply 84 by 54, and the product is 4536; 
which divide by 2150, and the quotient is 21097 
buſhels, the arca of the bottom at one inch deep; 
which multiplied by the depth 43.6, and the product 
is 91.48 buſhels, the content. 

Example. Suppole a quantity of malt upon a 
floor whoſe length is 245 inches and the breadth 
184 inches, and the mean depth 5.6 inches, how 
many buthels are there ? 

Multiply 245 by 184, and the product is 45080 
which divided by 2150, the quotient is 20.967, the 
area of the bate, which multiplied by the mean 
depth, the product 1s 117.4 buſhels, the content. 


By the Sliding Rule 


There is an inverted line of numbers upon ſome 
ſliding rules marked with the letter M, which was 
contrived purpoſely for gaging of malt; and there is 
a double line of numbers upon the rule, and upon 
the flider two double lines of numbers; all theſe 
are of equal radius, and all work together at ence : 
thus ſet the length and breadth againſt one another 
upon the inverted line, and that which flides Þy 


it ; then, on the other edge of the rule, againſt the 
depth, 


" 8 a. eo oa £. a= 
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depth, you will find the content in buſhels : thus, 
in the firſt Example, ſet 54 upon thefflider againſt 84 
upon the inverted line, and then againſt 43.6, upon 
the other part of the rule, is 91.98 upon the ſlider. 


-Again, in the ſecond Example, ſet 184 upon the 
ſlider to 245 upon the inverted-line, and againſt 5.6 
upon the other part of the rule is 117.4 upon the 
ſlider. | 


§ II. Of Land-meaſuring. 


[| SHALL not here give the whole art of Survey- 
ing, but ſuch practical rules only as may be uſeful 
to the country Graziers and Farmers, whereby they 
may find the true content of any piece of land, and 
that by the chain only ; and for want of that, with 
a pole or ſtick of half a rod in length. 


PROBLEM I. 


To find the Content of a Piece of Land, in 
the Form of a right-angled Parallelogram 
or Long Square, or what is ſomething 
near that Form. 


* know whether any angle in a field be a 
right-angle or not, you may take a piece of 
board about 4 or 5 inches broad, and an inch thick, 
either round or ſquare, and with a ſaw cut two kerfs, 
crofling each other at right angles, and bore a hole 
in i middle of the back fide, to put it upon the end 
of a ſlick ; this will repreſent the inſtrument called 


a croſs. 
| us FOR Suppoſe 


Sect. II. 


Suppoſe you 
would obſerve the 
angle A, to know 
whether it be a 
right angle, ( or 
near thereunto, ) 
prick up your ſtick 
with the croſs up- 
on it, a little diſ. 
tance from the 
-* fence, as at a, and 
having ſet up two 
marks, as at þ and 
c, of equal diſtance 
from the fence, 
turn one of the 
ſlits directed to- 
wards s; and then, 
if the other be di- 
rectly pointing to 
c, it is a right- 
angle, 


To meaſure ſuch a piece of ground as this figure 
above: if you meaſure round, and add the oppoſite 
ſides together, and take half the ſam (if they be not 
Equal) or elſe meaſure down about the middle of the 
length and middle of the breadth, thus the fide AB 
being meaſured, it will be 5.60, that is 5 chains and 
60 links; and the oppoſite fide CD is 5 chains 82 
links; the half ſum thereof is 5.71 : and the fide 
-BD is 10. :8, and the fide AC 10.22 ; and the half 
ſum thereof 10.30: (it will be the ſame thing it 
you meaſure about the middle of the breadth) then 
multiply this mean length and mean breadth toge- 
ther, v2. 10. 30, by 5.71, and the product is 5$6130; 
which divide by 10, becauſe 10 ſquare chains is an 
acre, by removing the ſeparating point one place to- 
wards the left hand, and it will be 5.88 130, that is, 
5 acres and 88130 parts; which multiplied by 4, oe 

pric! 
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prick off 5 places, and it will be 3.52520; which 3 
towards the left hand are 3 roods ; then multiply 
the decimal parts by 40, and prick off 5 places, and 
it will be 21. 00800 which 21 towards the left hand 


are 21 perches. 
| A.R.P. 


So the whole content 1s — 5 3 21 


See the Worx. 
6.71 A. R. P. 


10.30 $: 35:21 


17130 
$71 


5.88130 
4 


3-52520 , 
40 


21.0800 


NOTE, The chain here made uſe of is 4 poles, or 
rods, in length; the whole chain being 100 links. 

But becauſe every man that may have occaſion to 
meaſure a piece of land can't procure a chain, I will 
therefore ſhew how you may meaſure a piece of land 
only with a ſtick of half a rod in length, that is, 8 

feet and 3 inches; but in /rel/and*tis 10 feet 6 inches; 
which ſtick divided into five equal parts, ſo will the 
whole rod be divide into ten parts, and will thereby 
be adapted to decimal arithmetic. 

But becauſe each of thoſe parts of the ſtick are 
ſomething large, (each part being 19 inches and 8 
tenths in Great Britain, but 25.2 inches in Treland) 
it will be neceſſary to take your dimenſions to half of 
one of thoſe parts, and then, for that half part, ſet 5 
in the place of ſeconds thus ; ſuppoſe 3 parts and a 
half, ſet it down thus, . 35. 
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PROBLEM II. 


E T us ſuppoſe a field in the form of a long 
ſquare, whoſe length is 45 rods, 5 parts and a 
half, and the breadth 31 rods, 4 parts and a half; 
what is the content? 
_ Multiply the length and breadth together, and 
divide the product by 160, (becauſe 160 ſquare rods 
are in an acre) and the quotient is acres. 


45.55 182) 743ʃ2(8 A. R. P. 
31.45 128 Facit 8 3 32 
22775 410) 1502 (3 
18220 12 
4555 _ 
13665 32 
1432-5475 


PROBLEM II. 


\ UPPOSE a piece of ground in the form of a 

trapezium, the diagonal BD 1 2 chains 60 links, 

the perpendicular CE 6 chains 25 links, and 

the perpendicular AF 3 chains 42 links, what is the 
content ? 


rr 
. 42 > Wa a Ih. 
4 > * 


Iq 
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Multiply the diagonal by half the ſum of the per- 
pendiculars: See Sect. VI. of Chap. I. Part II. 


CE S6. 25 13.602 BD 
AF=3.42 4.83 
Sum 9.67 4080 A. R. P. 
— 10880 Fac 6 2 11 
Half 4.83 5440 
6.56880 
4 
2.27520 
40 
11. o So O. 
By Rods, thus, 
CE=25. Rods. © 19.34 
AF=1 3.68 : 54.4=BD 
Sum 38.68 8 7736 
Half 19.34 9670 
160% 10 fla. 9606 
96 
Alo) qlz(2 
8 
L 12 
KA. R. F. 


Fact 6 2 12 


1 3 
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To take the dimenſions of the field. 


Begin at the angle B, and meaſure in. a direct line 
towards D; but when you come at E ſet up your 
croſs, and direct one of the ſlits to D, and then 
look through the other ſlit, and if it exactly hits the 
angle C, then you are juſt in the place where the 
perpendicular will fall; but if it does not exactly hit 
the point, move backwards or forwards till it does ſo; 
then meaſure the perpendicular, and ſet down the 
chains and links, or the rods and parts; then con- 
tinue your meaſure toward D; but when you come 
to F, ſet up your croſs, and try (as above directed) 
whether you be in the place where the perpendicular 
will fall: then meaſure the perpendicular AF, and 
ſet down the chains and links, or rods and 'parts ; 
then continue your meaſure to D, and ſet down the 
meaſure of the whole diagonal. This way of 
meaſuring is very exact and true; but the common 
way uſed by the graziers and farmers, is to meaſure 
round the field, and to take half the ſum of the 
oppoſite ſides for a mean fide ; but the laſt mentioned 
piece of ground being meaſured ſo will come to 
A. R. P. R. P. 

7 © 22, which is 2 10 more than the truth. 


PROBLEM Iv. 


How to m2aſure an irregular field. 


HE way to meaſure irregular land, is to divide 

it into trapeziums, and triangles ; thus, 
| Firſt, view over the field, and ſet up marks at 
every angle, and by thoſe marks you may ſee where 
to have a trapezium, as ABCI in the following _ 
en 
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re ER 

Then begin and meaſure in a direct line from A 
towards C: but when you come to à ſet up your 
croſs, and try whether you be in a ſquare to I, (as is 
beiore directed) and then meaſure the perpendicu- 
Ch. L. . 
lar @ I, which is 4.82 ; then meaſure forward again 

towards C: but when you come to &, ſet up your 
croſs, and try whether you be in the place mare 
c 
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the perpendicular will fall; then meaſure the per- 
Ch. L. 
pendicular 5B, which is 2.06; then continue your 
meaſure to C, and you will find the whole diagonal 
Ch. 42L. 


Then proceed to meaſure the trapezium CDHT, 
beginning at C, and meaſuring along the diagonal 
line towards H ; but when you come at d ſet up your 
croſs, and try if you be right in the place where the 


perpendicular will fall: meaſure the perpendicular 
Ch. L. 


dD, which is 1.46, and then meaſure forward till you 
come at c, and there, with your croſs, try if you be 
right in the place where the perpendicular will fall, 
and meaſure the perpendicular cI, which is 3 chains ; 
and from c continve your meaſure to H, and you 


will find the whole diagonal 12Ch. 36L. 


Then proceed to meaſure the trapezium HGED, 
beginning at H, and meaſuring along the diagonal 
line towards E, but whe n you come to F, try with 
your croſs if you be in the place where the perpen- 
dicular will fall; and meaſure the perpendicular FG, 
which is 4.48, then continue on your meaſure from 
F till you come to G, and there try if you be in a 


ſquare with the perpendicular GD ; and meaſure the 
Ch. L. 


ſaid perpendicular, which is 2.94 ; then meaſure on 


from G to E, and you will find the whole diagonal 
Ch. L. 


to be 11.34. 


Then meaſure the triangle EFG, beginning at E, 
and meaſure along the baſe EG till you come at &, 
and there, with your croſs, try if you be in the place 
where the perpendicular will fall; aud meaſure the 

n | Ch. L. | 
perpendicular YF, whieb is 3. 14; continue your f ea- 
ure 
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ſure to G, and you will find the whole baſe to be 
9 Ch. 12L. : ſo have you finiſhed the whole field. 


I have been the larger upon the explanation of 
this Problem, becauſe moſt grounds lie in ſuch irre- 


gular forms. 


Caſt up the three trapeziums ſeverally, and alſo 
the triangle, and add all the ſeveral areas together 
into one ſum which will be the area of the whole 
irregular plot. 


| See the Work. 
3B 2. 06 942 See Sect. VI. Chap. I. 
al =4.82 3.44 Part H. 
Sum 6.88 3768 
5 


Half 3.44 2826 


3-24048=Area of ABCI. 


dD=1.46 12.36 
IS. oo 3 
Sum 4.46 - $708 
Half 223 2472. 
'  2-75628 = Area of CIHD. 


FG =4 48 "4 1.34 
GD=2.94 3-71 
Sum 7.42 1124 


e 7958 
Half 3.71 3402 


4.20714 = Area of HGED. 


Baſe 


35; Appendix. SeR. II. 


Baſe 29. 12 ” 
Half=4.56 g ee Sc. V. Chap. I. 
Perpen. 3.14 Part II. 


1824 


456 
1368 


_—_ - 


** 


— — [—ũj4—ĩ nn 


1.43184 = Area of the triangle EFG. 
3.24048 = Area of ABCl. 
2.75628 = Area of CIHD. 

4.20714 Area of HGED. 


Sum 11.63574 = Area of the whole. 
4 


| 
| 
| 
| 
| 
; 
: 
| 


2.54296 
40 
21.71840 
A. RP. 
Fact 11 2 21 


: ak 12176276 


